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ABSTRACT 
Paleoclimate proxy records are needed to better understand the behavior of various 
components of Earth’s complex climate system across major climate transitions of the past.  
Such records can also provide benchmarks to test climate models and interpret the evolution 
of climate forcing, feedbacks, and interactions in the past, present, and future.  Development 
of high-resolution, high-latitude records of climate change such as those presented in this 
dissertation, provide insight to highly sensitive regions where very few lengthy instrumental 
records exist.  This dissertation presents shell growth and geochemical records from the long-
lived marine bivalve, Arctica islandica, from northern Norway to investigate major North 
Atlantic marine climate of the past millennium.  A 112-year Master Shell Growth 
Chronology and oxygen isotope time series were tested against instrumental climate indices 
(including the Atlantic Multidecadal Oscillation, the North Atlantic Oscillation, and Atlantic 
meridional overturning circulation) and local to regional sea surface temperature records.  
Shell growth rate and oxygen isotopic composition were found to reflect regional sea surface 
temperatures across a broad swath of the North Atlantic in a pattern mimicking the path of 
the North Atlantic Current, suggesting a causal mechanism for coherence between marine 
variability in northern Norway and North Atlantic climate, namely, the influence of the North 
Atlantic Current in the Barents Sea.  Statistically robust relationships were found between the 
Atlantic Multidecadal Oscillation and the shell-based MultiproxyAMO Index over the 
instrumental record, suggesting lengthy shell-based records from northern Norway may 
skillfully reconstruct AMO variability of the past.  Spectral analysis of a 455-year Master 
Shell Growth Chronology constructed by crossdating dead-collected material with the 
modern chronology revealed significant periodicity in the ~60 year band, reminiscent of that 
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of Atlantic multidecadal variability.  Spectral analysis of oxygen isotope ratios from the 
Little Ice Age, Late Little Ice Age, and Modern periods also suggest multidecadal 
periodicity, suggesting that multidecadal oscillations in Atlantic sea surface temperatures 
have persisted for at least the past five centuries.  A statistically significant decrease in 
δ18Oshell of 0.25‰ since the Little Ice Age suggests warming or strengthening of the North 
Atlantic Current into the Modern climate period. 
Additionally, this thesis presents an investigation of variability in replicated oxygen 
isotope measurements and the potential for the influence of sampling imprecision.  Our 
findings suggest that natural proxy variability combined with analytical uncertainty, and not 
human-related sampling error, are the primary contributors to larger than expected variability 
among replicated measurements.  This work has important implications for previously 
published isotope records from biogenic archives and provides a template for estimating 
isotopic variability on an individual case basis. 
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CHAPTER 1.    INTRODUCTION 
Background 
Recent trends in global climate change highlight the need to improve our 
understanding of climate dynamics, interactions and feedbacks.  Increasing global surface air 
and ocean temperatures (Arctic Council, 2005), decreasing Arctic sea ice extent (NSIDC, 
2012), rising sea levels (Church and White, 2006), and increasing severity of droughts and 
floods are causing concern among the public and scientific communities (IPCC, 2013).  In 
the Modern Climate period (post-1850), climate changes arise both due to natural internal 
and external drivers, or “forcings,” as well as human-caused forcings and feedbacks 
operating on a variety of temporal and spatial scales (decades to millennia; regional to 
global).  Understanding anthropogenic impacts on the climate system and predicting future 
change requires knowledge of the causes and characteristics of natural climate variability 
prior to significant anthropogenic forcing.  Instrumental measurements of climate variability, 
however, rarely span beyond the Modern Climate period, posing a significant challenge to 
climate researchers.  To overcome this challenge, past climate is commonly investigated 
through careful study of naturally occurring recorders of climate known as proxy archives.  
The field of paleoclimatology seeks to understand the timing, magnitude, and causes of past 
climate change using qualitative and quantitative evidence collected from proxy archives 
such as ice cores, ocean and lake sediments, tree-rings, corals and mollusks, and cave 
deposits (for a review of methods and challenges involved in such archives, see Jones et al., 
2009).  These naturally occurring Earth materials accumulate and preserve environmental 
information in their physical, biological, or chemical properties during the time of their 
formation.  Proxy-based evidence along with computer models that reproduce Earth’s climate 
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system, reveal how various components of Earth’s climate have behaved and interacted 
across different climate periods and transitions.  This information can inform society and 
policy-makers of possible or likely future climate scenarios relevant to human health, 
agriculture, and infrastructure needs (IPCC, 2013).  
Over geologic time, variability in Earth’s orbit and gradual or cyclic changes in solar 
activity have controlled the amount of energy reaching the Earth (currently approximately 
1,370 W/m2 at the top of the atmosphere).  Most of the Sun’s energy reaching Earth is 
directed towards the equator, resulting in a heat gradient that, combined with the Earth’s 
rotation, largely modulates major atmospheric and oceanic circulation patterns.  Small 
variations in Earth’s orbit have altered patterns of energy absorption just enough to influence 
global climatic changes, such as glacial/interglacial periods, primarily due to climate 
feedbacks within the system.  Also at multimillennial timescales, the locations of Earth’s 
landmasses dictate where major ice sheets form, which, in turn, influence albedo, 
atmospheric circulation, freshwater discharge, and other features that work to speed up 
(positive feedbacks) or slow down (negative feedbacks) climate changes.  Atmospheric CO2 
concentrations, which can vary due to continental weathering processes, volcanic activity, 
primary productivity, anthropogenic emissions, etc., affect the atmosphere’s heat-trapping 
capability.  The structure of Earth’s climate system also allows for internal variability, 
regional to global patterns in temperature or other variables that are not evidently forced by 
external factors.  The interplay between internal and external forcing on climate patterns 
among Earth’s atmosphere, oceans, cryosphere, lithosphere, and biosphere through time has 
produced a complex history of climatic changes that require targeted study of system’s 
individual and interconnected components to gain insight into its functioning. 
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Earth’s oceans play a particularly vital role in regulating the climate system.  The 
Intergovernmental Panel on Climate Change (IPCC, 2013) estimates that 90% of the increase 
in energy stored in the climate system in recent decades has accumulated in the world’s 
oceans.  In a much simplified view, heat, freshwater, and carbon are stored and transported 
by currents circling the globe in what is known as Meridional Overturning Circulation 
(MOC) or “the great ocean conveyor” (Broecker, 2010).  Surface currents redistribute excess 
heat accumulated in equatorial regions by flowing poleward and exchanging heat with the 
atmosphere, modulating climate in coastal regions.  The Atlantic sector of the MOC 
(AMOC) is especially influential to global climate.  The North Atlantic Current (NAC), an 
extension of the Gulf Stream, carries approximately 27 Sverdrups (Sv; 1 Sv = 1 million cubic 
meters per second) of water flowing from the western half of the Atlantic basin poleward 
toward the Iceland and Norwegian Seas (Roessler et al., 2015).  These seas host key regions 
where surface waters, having reached a critical density due to heat loss to the atmosphere, 
sink and flow southward at depth in a process known as deepwater formation, maintaining 
the ocean conveyor belt (Rahmstorf, 2002).  Variability in current strength and rates of heat 
exchange are strongly associated with atmospheric patterns such as the North Atlantic 
Oscillation (NAO), the balance of sea level pressure between Atlantic subtropical and sub-
polar latitudes (e.g., Bakker et al., 2016).  The state of the NAO influences storm track 
patterns across the North Atlantic on a decadal timescale, modulating ocean processes and 
coastal climate (Hurrell, 1995).  The NAO and AMOC inherently influence and interact with 
variability and patterns in North Atlantic sea surface temperatures, broadly described by the 
Atlantic Multidecadal Oscillation (AMO; Delworth and Mann, 2000).  Each of these climate 
modes (the AMOC, NAO, and AMO) is thought to exhibit some component of internal 
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variability (i.e., none are entirely forced by another) while at the same time interact with each 
other on differing timescales, emphasizing the complexity of the ocean-atmosphere system in 
the North Atlantic.  The driving forces on the strength and timing of AMOC, the intricacies 
of NAO dynamics, and interactions with variability in North Atlantic sea surface 
temperatures, remain poorly understood and heavily debated subjects of Earth’s climate 
system (Zhang et al., 2016; Clement et al., 2015).  
Variability in surface components of AMOC has been implicated as an influential 
driver for major climate trends observed over the past millennium.  Arctic warming and sea 
ice decline over recent decades is largely attributed to increasing flow of warm Atlantic 
waters through the Fram Straight and Barents Sea (Årthun et al., 2012; Lien et al., 2012).  
Weakening of AMOC surface components likely amplified Northern Hemisphere cooling in 
the middle half of the last millennium, a time period known as the Little Ice Age (Lund et al., 
2006; Wanamaker et al., 2012), however, this hypothesis has been challenged by more recent 
work (Rahmstorf et al., 2015).  Recent observations of AMOC strength have shown no 
consistent long-term trend (IPCC, 2013).  Modeling studies suggest future weakening and 
potential collapse under a global warming scenario (Bakker et al., 2016; Cheng et al., 2016).  
The scientific community is increasingly recognizing the need for proxy records revealing 
past AMOC dynamics in order to understand its role in past and future potential climate 
changes (Ortega et al., 2017). 
Currently, geographical coverage of proxy records is incomplete, contributing to 
greater uncertainty in our understanding of historic climate behavior and hindering our ability 
to predict future climate behavior.  High-latitude, high-resolution, marine-based proxy 
records are especially scarce in the climate literature due to limited access and availability.  
5 
 
 
Given the predominant role of ocean basins in governing and modulating global climate 
(Rahmstorf, 2002), the relatively rapid pace of current global climate trends (IPCC, 2013), 
and the greater sensitivity of polar regions to climate perturbations (IPCC, 2013), this gap in 
the literature significantly weakens our skill in understanding climate change and variability.  
Paleoclimate research of the type undertaken in this dissertation seeks to discover clues to 
remaining questions of how Earth’s climate system has functioned in the past and present, 
providing insight into the future. 
Improved understanding of marine climate variability (i.e., temperature, salinity, 
current strength, etc.) is possible through development of proxy-based records, especially 
those from the marine realm.  Arctica islandica, the long-lived marine bivalve featured in this 
dissertation, is one such proxy.  Pioneering work by Thompson et al. (1980) first noted the 
potential proxy applications of A. islandica shells through hypothesizing over the nature of 
their annual internal growth banding, analogous to tree-rings.  With the discovery of 
synchronized growth patterns within A. islandica populations by Rob Witbaard and 
colleagues in the early 1990s, the future potential of A. islandica began to be realized within 
the field of sclerochronology, the study of the periodic accretionary structures of organisms 
including mollusks, corals, fish otoliths, and other biogenic carbonate structures (Schöne and 
Gillikin, 2013).  Advancement continued through development of software and techniques 
for cross-matching A. islandica shell growth increments among individuals to produce 
absolutely-dated, annually resolved chronologies, signifying a common environmental 
forcing (Scourse et al., 2006; Butler et al., 2010).  A. islandica has since become a widely 
established proxy archive for investigating North Atlantic marine climate dynamics over a 
variety of environments and timescales (e.g., Schöne et al., 2003; Wanamaker et al., 2008b; 
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Butler et al., 2010; Wanamaker et al., 2012; Reynolds et al., 2016).  The work presented 
herein aims to evaluate the utility of shell-growth and geochemical records from A. islandica 
for providing information on climate variability in the southern Barents Sea.  This region 
likely represents the northernmost extent of A. islandica and has not received much prior 
attention.  Study of this population can, therefore, greatly contribute to a more complete 
understanding of this sensitive climate region within the Arctic as well as a fuller realization 
of the paleoclimate proxy potential of A. islandica itself. 
 
Thesis Organization 
Chapter 2 (“Linking large-scale climate variability with Arctica islandica shell 
growth and geochemistry in northern Norway”; published in the Journal of Limnology and 
Oceanography) describes the A. islandica proxy archive in further detail and introduces the 
reader to the primary study site off northern Norway.  The analysis of newly collected shell-
growth and geochemical records with modern instrumental records is performed in order to 
establish the relationships between the proxy records and different climate variables.  
Primary findings reveal a strong negative relationship between regional sea surface 
temperatures with shell growth increment width and shell oxygen isotope ratios.  The proxy 
records also show coherence with North Atlantic marine and atmospheric climate indices 
including the Atlantic Multidecadal Oscillation and the North Atlantic Oscillation.  This 
analysis sets the stage for using A. islandica to investigate past climate dynamics in the 
southern Barents Sea region. 
Chapter 3 (“Unexpected isotopic variability in biogenic aragonite: A user issue or 
proxy problem?”; in revision, in Chemical Geology) explores the reproducibility of isotopic 
records from A. islandica and is applicable to other sclerochronological records.  Results 
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from the work presented in Chapter 2 revealed larger than expected (i.e., larger than 
analytical uncertainty) variability among replicated isotopic measurements from A. islandica.  
The investigation in Chapter 3 was, therefore, undertaken in order to explore the sources and 
obtain better estimates of uncertainty associated with oxygen isotope ratios measured from 
biogenic carbonate archives.  Findings suggest little evidence for human-error in 
microsampling as a significant source of unexpected variability.  Natural variability in the 
carbonate material, larger than that of analytical uncertainty, should still be estimated for 
each study and taken into account when reporting error in oxygen isotope records. 
Chapter 4 (“Proxy-derived Sea Surface Temperatures off northern Norway…etc.”; in 
preparation for publication) builds upon the foundation established in Chapter 2 and 
incorporates the recommendations presented in Chapter 3.  This work introduces the third 
longest (455 years) multicentury shell-growth chronology ever constructed.  Spectral analysis 
strengthens the hypothesis that multidecadal-scale marine variability has persisted for at least 
five centuries in the North Atlantic and Barents seas.  Further analysis of the oxygen isotopic 
data presented in Chapter 2 with newly available instrumental records show a strong 
coherence with coastal seawater density off the northern coast of Norway.  This solidifies the 
dynamical link between North Atlantic Current dynamics with the shell-based proxies from 
northern Norway.  Additional oxygen isotope data from the late Little Ice Age suggests 
increased flow of North Atlantic and coastal waters into the Modern Climate period. 
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CHAPTER 2.    LINKING LARGE-SCALE CLIMATE VARIABILITY WITH 
ARCTICA ISLANDICA SHELL GROWTH AND GEOCHEMICAL RECORDS IN 
NORTHERN NORWAY 
Published in Limnology and Oceanography, January, 2016 
 
Madelyn J. Mette,1,* Alan D. Wanamaker, Jr.,1 Michael L. Carroll,2 William G. 
Ambrose, Jr.2,3, and Michael J. Retelle4 
 
1Department of Geological and Atmospheric Sciences, Iowa State University, Ames, Iowa 
2Akvaplan-niva, FRAM – High North Research Centre for Climate and the Environment, Tromsø, Norway 
3Bates College, Department of Biology, Lewiston, Maine 
4Bates College, Department of Geology, Lewiston, Maine 
*Corresponding Author: mmette@iastate.edu 
 
Abstract 
The lack of high resolution, geographically diverse proxy records from the marine 
realm limits our understanding of climate dynamics in the North Atlantic Ocean and Arctic 
during recent centuries.  We investigate the impact of large-scale climate variability on the 
marine bivalve, Arctica islandica, (Linnaeus 1767) from northern Norway (71 °N).  We 
evaluate the use of annual shell growth and geochemical records as proxies for North 
Atlantic and Arctic climate variability over centennial scales by developing a continuous, 
113-year master shell growth chronology and an oxygen isotope record (δ18O) from live 
caught shell material.  A relatively strong inverse relationship is observed between both the 
shell growth and isotopic proxies and large-scale North Atlantic sea surface temperatures in 
modern times (r = -0.54 to -0.90; p<0.05).  This relationship is substantially strengthened 
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when using a combined shell growth/oxygen isotope Multiproxy Index (r = -0.7 to -0.8; p 
<0.01).  The regional spatial pattern of correlation resembles that of the North Atlantic 
Current as it bifurcates around 55°N, indicating that large-scale ocean surface current 
dynamics play an important role in regulating local ecosystem processes and thus shell 
growth in northern Norway.  A combined proxy index created using multiple linear 
regression exhibits a relatively strong and time-stable relationship with the Atlantic 
Multidecadal Oscillation (AMO; r = -0.622; p < 0.001) since AD 1900.  Variability in the 
relationship between the shell based records and the North Atlantic Oscillation coincide with 
variations in the AMO index, suggesting a complex relationship between atmospheric forcing 
on hydrographic variability and ecosystem dynamics in northern Norway.    
Keywords: Barents Sea, stable isotopes, Atlantic Multidecadal Oscillation, Atlantic 
meridional overturning circulation, North Atlantic Oscillation, sclerochronology, multiproxy 
 
Introduction 
Amplified increase in surface air temperatures (ACIA, 2005) and decrease in sea ice 
extent (NSIDC, 2012) within the Arctic highlight the need for a better understanding of this 
sensitive climate zone prior to substantial anthropogenic forcing (Masson-Delmotte et al., 
2013).  Recent oceanographic and ecological changes in the Arctic have, in part, been linked 
to trends in the heat transport of the North Atlantic Current (NAC; Cottier et al., 2007; Berge 
et al., 2009; Mahajan et al., 2011, Spielhagen et al., 2011), large-scale atmospheric 
circulation anomalies (Blindheim et al., 2000), and anthropogenic forcing (Masson-Delmotte 
et al., 2013).  A comprehensive assessment of the natural range of marine climate variability, 
however, is greatly hindered because few long-term (> 50 year), continuous instrumental 
records of environmental conditions exist within the Arctic. Proxy-based reconstructions 
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(Jones et al., 2009; Wanamaker et al., 2011a) are thus needed to fully elucidate past marine 
climate variability.  Understanding a proxy response to environmental variability can provide 
insight into climate forcing and interactions through time (Witbaard et al., 2003; Wanamaker 
et al., 2008b). 
Coastal northern Norway is an ideal location for detailing the influence of North 
Atlantic marine climate variability on the Arctic due to its proximity to one of the main 
pathways of Atlantic water entering the Barents Sea, namely, the eastern branch of the NAC 
(Duplessy et al., 2001; Lind and Ingvaldsen, 2011; Arthun et al., 2012).  Variability in the 
Atlantic Meridional Overturning Circulation (AMOC; Duplessy et al., 2001; Hald et al., 
2011), the Atlantic Multidecadal Oscillation (AMO; Delworth and Mann, 2000; Sutton and 
Hodson, 2005), and the North Atlantic Oscillation (NAO; Barnston and Livezy, 1987) play a 
role in NAC variability as well as climate variability of the North Atlantic and Arctic regions 
at large. Feedbacks and interactions among North Atlantic climate modes are known to 
modify precipitation, air temperature, sea surface temperature (SST), and sea surface salinity 
(SSS) patterns (Marshall et al., 2001; Hurrell and Deser, 2009), however, the relative 
dominance of these modes in modulating climate through time is poorly understood. Long-
term, annually-resolved, geographically diverse records of climate variability are needed in 
order to evaluate the influence of these various modes on North Atlantic climate variability. 
The surface components of the AMOC represent the northward flow of warm water 
from low latitudes toward the Arctic.  These waters contribute to Arctic warming and sea ice 
decline (Arthun et al., 2012; Lien et al., 2013; Smedsrud et al., 2013) through heat loss to the 
atmosphere before returning southward to the global ocean through deep-water formation in 
the Labrador and Norwegian Seas (Rahmstorf, 1996; Broecker, 1997).  Oceanographic 
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conditions off northern Norway are influenced both by the NAC (a surface component of the 
AMOC) and the Norwegian Coastal Current, which progressively mixes with the NAC as it 
moves northward (Helland-Hansen and Nansen, 1909; Skagseth et al., 2011).   
The AMO is a measure of SST anomalies over the North Atlantic with a periodicity 
of approximately 60-80 years (e.g., Delworth and Mann, 2000; Sutton and Hodson, 2005). 
The ecosystem effects of the AMO are substantial and extend throughout the Atlantic basin 
(Drinkwater, 2006; Nye et al., 2013), however, as noted by Drinkwater et al. (2013), its 
impacts on ecosystems at high-latitudes (> 60 °N) have received considerably less attention 
than regions to the south.  AMO variability is widely recognized as the large-scale and long-
term manifestation of AMOC variability (Alheit et al., 2014; Wei and Lohmann, 2012) 
involving interactions and feedbacks among the ocean, atmosphere, and sea ice (Dima and 
Lohmann, 2007; Drinkwater et al., 2013).  Empirical evidence for the AMO-AMOC 
relationship, however, is lacking due to the scarcity of reliable, long-term records of surface 
and subsurface ocean current behavior in the North Atlantic (Alexander et al., 2014).  The 
relationship is partly supported by climate models that identify AMOC variability that 
mimics AMO variability as well as resulting spatial patterns in SST anomalies (Knight et al., 
2005; Zhang 2008, Wei and Lohmann, 2012). A lack of consistent findings from climate 
models, however, suggests our understanding of AMO forcing mechanisms is incomplete 
(Alexander et al., 2014, Drinkwater et al., 2014). 
The wintertime (DJFM) NAO represents the most prominent pattern of atmospheric 
variability over the extratropical northern hemisphere (Hurrell, 1995). The NAO index is 
traditionally defined by the normalized sea level pressure (SLP) difference between Iceland 
and the Azores, with a positive (negative) index representing a larger (smaller) difference in 
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SLP.  The redistribution of atmospheric mass between Iceland and the Azores influences 
mean wind speed and direction, heat and moisture transport, and storm track behavior across 
the Atlantic (Hurrell et al., 2003).  The NAO has been linked to localized and rapid changes 
in ocean properties and circulation including surface temperature, mixed layer depth in the 
northern Atlantic, timing of stratification, and upper ocean heat content, as well as long term 
response in overturning circulation (Visbeck et al., 2003).  Through modulation of these 
hydrographic properties, NAO variability indirectly affects marine ecological communities 
(Drinkwater et al., 2003) including phytoplankton (Dickson et al., 1988; Fromentin and 
Planque, 1996, Greene et al., 2003), zooplankton (Witbaard, 1996; Ottersen and Stenseth, 
2001), benthos (Nordberg et al., 2000; Carroll et al., 2009) and fish communities (Friedland 
et al., 1993). 
We employ sclerochronological techniques to examine the extent to which annual 
shell growth and shell geochemical records from the long-lived marine bivalve, Arctica 
islandica, in northern Norway reflect major North Atlantic climate modes, with a particular 
focus on large-scale sea surface temperatures and the AMO.  Insight into the dynamical 
relationship between shell growth and several large-scale North Atlantic climate modes 
including the AMOC and NAO will be discussed.  Finally, we assess the potential for using 
A. islandica at this northern location to reconstruct environmental conditions in a climatically 
sensitive region where relatively few subdecadal to annual resolution marine proxy records 
exist. 
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Proxy Archive and Methods 
Arctica islandica 
The marine bivalve, A. islandica, is long-lived (> 500 years; Schöne et al., 2005; 
Wanamaker et al., 2008a; Butler et al., 2013) and widely distributed across the northern 
North Atlantic (Dahlgren et al., 2000), making it particularly useful in evaluating long-term, 
large-scale North Atlantic marine climate dynamics (Wanamaker et al., 2008b).  This 
sedentary benthic clam is found in water depths ranging from ~10 m to as deep as 500 m and 
thrives in full marine conditions. A. islandica lives within the sediment and extends its 
relatively short siphons into the main water column, exchanging water to feed and remove 
waste (for recent review of this archive, see Schöne, 2013). Shells of the ocean quahog A. 
islandica provide useful information about oceanographic processes in the northern North 
Atlantic Ocean including in the North Sea (Witbaard et al., 2003; Schöne et al., 2003; Butler 
et al., 2009; Reynolds et al., 2013), Irish Sea (Butler et al., 2010), North Icelandic shelf 
(Schöne et al., 2005; Wanamaker et al., 2012; Butler et al., 2013), and Gulf of Maine 
(Wanamaker et al., 2008b; Wanamaker et al., 2011b).  The formation of continuous, annual 
growth banding within A. islandica (Figure 1) allows for annually resolved, absolutely dated 
chronologies of marine environmental variability (Jones, 1980; Witbaard et al., 1994; 
Weidman et al., 1994; Schöne et al., 2005; Scourse et al., 2012). Shell growth variability in 
A. islandica is currently understood to relate to ocean temperature and mixing dynamics 
primarily through modulation of food availability (Witbaard et al., 1994; Schöne et al., 2003; 
Butler et al., 2010; Butler et al., 2013; Lohmann and Schöne, 2013).  A. islandica appears to 
precipitate its aragonitic shell matrix in oxygen isotopic equilibrium with ambient seawater 
(e.g., Weidman et al., 1994).  Thus, oxygen isotope values of A. islandica shell material 
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reflect seawater temperature and seawater isotopic composition (related to salinity) (Marsh et 
al., 1999; Schöne et al., 2004; Wanamaker et al., 2008b).   
 
 
Figure 2-1 A. islandica growth patterns.  (A) Left valve of a shell showing the idealized axis of maximum 
growth.  (B) Digitized photomicrograph of an Ingøya sample showing annual increment lines in both the shell 
margin (bottom) and hinge plate (top).  False colors were added to show same relative growth patterns in both 
the hinge and margin records.  
Sample Collection and Preparation 
Live specimens of A. islandica were collected from a shallow bay (6m depth) off the 
eastern side of the island of Ingøya in northern Norway (Figure 2; 71°03.734’ N, 
24°05.895’E).  All samples were collected within a 300m x 300m area in June-2009, May-
2013, and August-2014 using a small bespoke dredge (0.6m x 0.3m x 1.0m with 0.05 x 
0.15m tines).  Bottom sediments consisted of coarse shell sand with patches of kelp and 
cobble-sized rocks.  Soft tissues were removed from the shells prior to open air drying.  
Shells were then packaged carefully and shipped to Iowa State University (Iowa, USA), and 
Bates College (Maine, USA).  
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Figure 2-2 Map of the northeastern North Atlantic Ocean (left) showing paths of two major surface currents in 
the region.  Map of the study site at Ingøya and Rolvsøya (right) showing locations of sample collection, 
observational mooring (buoy), and IMR Oceanographic Monitoring Station.  Bathymetric contours are shown in 
meters. 
 
Processing of shell material was accomplished using standard sclerochronological 
procedures (Scourse et al., 2006; Wanamaker et al., 2008a; Butler et al., 2009).  A 2-cm 
section around the maximum growth axis was cut from margin to hinge (Figure 1) using a 
Gryphon diamond bladed saw.  The section was embedded in clear epoxy (Buelher 
Epoxicure resin and hardener) and bisected using a Buelher IsoMet low-speed saw, 
producing two mirror-image shell blocks.  The blocks were polished using a Buelher 
variable-speed, grinding-polishing wheel with a series of decreasing grit-size silicon carbide 
grinding paper (P120, P400, P600, P800, P1200), rinsing well with deionized water between 
grit sizes.  The blocks were given a final rinse with deionized water and allowed to dry.   
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One block from each shell was reserved for geochemical analyses while further 
processing continued for the other block to be used for crossdating work.  The latter block 
was immersed in a low concentration (1%) HCl bath for a period of 90-300 seconds (time 
depending on shell condition and age) at room temperature to etch the shell surface.  After 
etching, blocks were rinsed by gently dipping in deionized water and allowed to dry for at 
least 4 hours.  A 0.035 mm cellulose acetate film (Electron Microscopy Sciences Catalog No. 
50420-30) was carefully laid over the etched shell block surface after coating the surface 
with a thin layer of acetone, and then allowed to dry for at least 15 minutes.  The acetate 
replica peels were removed from the shells, trimmed, and mounted between glass slides for 
visual analysis of shell growth increments under transmitted light microscopy using 5x-20x 
objectives. 
 
Development of the Master Shell Chronology 
Prior to increment measurement, shell growth was qualitatively assessed in both the 
hinge and margin regions of the maximum growth axis observed on the acetate replica 
(Figure 1).  Following identification of the outermost, incomplete increment as the year of 
sample collection (2009, 2013, or 2014), exceptionally small or large growth increments 
were noted as “marker years” (see Stokes and Smiley, 1996; Black et al., 2005) by visually 
comparing them to neighboring increments.  The synchronicity of marker years between 
different shells allows for accurate assignment of calendar years to growth increments 
throughout the series by preventing misidentification of false bands that occur due to growth 
disturbance during shell formation (for example, see Butler et al., 2009).  If an offset between 
marker years occurred between different shells, all samples were studied to identify possible 
mistakes in visual increment identification, relying on the clearest acetate peels that showed 
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the most agreement to identify the true population growth pattern. Intra-shell comparison 
between the hinge and margin regions also aided in identifying false increments and micro-
growth bands. 
Here we provide a summary of the methods used for chronology construction.  For 
more details, see Supplementary Information.  Following the qualitative assessment of the 
population growth pattern, increments were measured using Buelher OmniMet (v9.5) 
software with a Nikon Eclipse E600 transmitted light microscope equipped with a uEye 
camera using 5x and 10x objectives.  Increments were measured perpendicular to increment 
boundaries at a consistent distance, approximately halfway, between the outer and inner 
boundaries of the outer shell layer on the margin, and along the apex of growth increments 
on the hinge.  Growth measurement series were initially compiled and statistically analyzed 
using the SHELLCORR MatLab script (Scourse et al., 2006) to aid in intershell year-to-year 
growth comparisons. The statistical crossdating program COFECHA was used to further 
quantitatively verify the visual crossdating technique (Holmes, 1983; Grissino-Mayer, 2001). 
Errors (e.g., Butler et al., 2009) in the chronology identified using SHELLCORR and 
COFECHA were investigated and corrected by visually analyzing shells for verification and 
adjusting increment identification and measurement accordingly. 
A master chronology was then constructed using the program ARSTAN (Cook, 
1985). Negative exponential curve detrending was used to remove age-related growth trends. 
The standard master chronology (MSC) was constructed using a biweighted robust mean to 
minimize the effect of increment width outliers among the growth series (Cook et al., 1990). 
Associated chronology statistics including expressed population signal (EPS; Wigley et al., 
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1984) and mean sensitivity were calculated using COFECHA and ARSTAN’s built-in 
functions. 
 
Isotopic Analysis 
Stable carbon and oxygen isotope analyses were performed at Iowa State University’s 
(ISU) Stable Isotope Laboratory in the Department of Geological and Atmospheric Sciences.  
Carbonate samples were collected using a Merchantek micromill with a Leica GZ6 
microscope capable of 10 μm steps.  Annual increments were milled from the outer margin 
of the shell to a depth of 200-800 μm using Brasseler USA® scriber point (item 
#H1621.11.008) and round (item #H52.11.003) carbide drill bits.  When annual increments 
became relatively narrow (< 0.1 mm) in senescent samples, other crossdated shell material 
was selected for micromilling, ensuring that a large enough sample (>100 μg) for isotopic 
analysis could be extracted.  Sample replication resulted as a consequence of overlapping 
individual δ18Oshell records. For growing season analysis, eight equally spaced samples (>100 
μg each) per year were collected from juvenile increments on the outer margin of one shell. 
All micromilled samples were analyzed at the ISU Stable Isotope Laboratory for δ18O 
and δ13C on a ThermoFinnigan Delta Plus XL mass spectrometer coupled with a GasBench II 
and CombiPal autosampler. The long-term precision of the mass spectrometer is ±0.09‰ for 
δ18O and ±0.06‰ for δ13C, respectively.  National Institute of Standards and Technology 
standard reference materials NBS19, NBS18, and LSVEC were used for isotopic corrections, 
and to assign the data to the appropriate isotopic scale. At least one of each reference 
standard was used for every six samples. 
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Seawater samples were collected along a salinity gradient near Ingøya where mixing 
between freshwater (i.e. snow melt and small seasonal streams) and seawater was observed 
(Figure 2).  Additionally, several seawater samples were collected away from the influence 
of freshwater. Salinity was measured using a YSI Pro Plus Handheld Multiparameter Meter 
(precision ±0.3 ppt).  Seawater oxygen isotopic composition was measured on a Picarro 
L1102-i Isotopic Liquid Water Analyzer with autosampler and ChemCorrect software and a 
long-term precision of 0.07‰.  Reference standards OH-1, OH-2, and GISP were used for 
isotopic corrections.  These measurements allowed characterization of the salinity-isotope 
relationship (mixing line) and thus estimation of seawater properties over the instrumental 
period.  Temperature estimates were derived from δ18Oshell using the aragonite temperature 
equation (1) of Grossman and Ku (1986) as modified by Dettmann et al. (1999) with δ18Owater 
obtained using the salinity-isotope mixing line (2) developed for Ingøya. 
T (°C) = 20.60 – 4.34 x (δ18Oshell (δ18Owater – 0.27)) (1) 
δ18Owater = 0.27*Salinity – 9.47 (2) 
 
 
Instrumental Data 
Local sea surface temperature and salinity data were obtained from the Norwegian 
Institute for Marine Research’s (IMR) oceanographic monitoring program (see: 
http://www.imr.no/forskning/forskningsdata/stasjoner/).  A fixed hydrographic station ~5 km 
north of Ingøya (Figure 2) has been sampled submonthly at various depths up to 300 meters 
periodically since 1936 and continually since 1968 with several monthly to multi-year 
hiatuses.  Data from NOAA Optimum Interpolation Sea Surface Temperature Analysis 
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(OISST v2; one-degree grid; Reynolds et al., 2002), the Hadley Centre Sea Ice and Surface 
Temperature data set (HadISST; one-degree grid; Rayner et al., 2003), and other climate 
indices (below) were obtained via the online web application KNMI Climate Explorer 
(http://climexp.knmi.nl/), unless otherwise noted. 
To supplement the local IMR data, two moorings were deployed in 2012 in the bay 
where A. islandica were collected (Figure 2).  On one mooring, temperature and specific 
conductance (Onset HOBO Conductivity Logger) were recorded every hour ~200m east of 
the collection area at 5 meters depth from June, 2012 to August, 2014.  Another mooring in a 
deeper part of the bay recorded temperature and specific conductance at 5 meters and 
temperature only at 30 meters (Onset TidbTv2) over the same time period.   
The AMO index as defined by van Oldenborgh et al. (2009) was used for statistical 
comparisons due to its inclusion of a narrower and more northerly range (25°-60°N, 7°-
75°W) of North Atlantic SSTs compared to other indices.  The AMO index subtracts the 
regression on global mean temperature as opposed to tropical and subtropical temperatures as 
in other indices, which we regard as more appropriate due to the far northerly, subpolar 
location of the study site. 
The Rapid Climate Change (RAPID) mooring array AMOC series (2004-present) 
were obtained from http://www.rapid.ac.uk/rapidmoc/.  The AMOC record integrates Florida 
Straits transport, Ekman transport, and upper mid-ocean transport to estimate net northward 
heat transport at 26.5°N. The Strength of the Florida Current record (1981-present) is an 
extension of the Florida Straits Transport record used in the RAPID series. The data differ 
slightly in the period of overlap.  The ECMWF (European Center for Medium range Weather 
Forecasting) AMOC time series (1961-2005) is based on simulations using data from the 
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Global Ocean Data Assimilation System.  The ECMWF represents a complex model that 
uses vertical water column characteristics inferred from modeled parameters to estimate 
AMOC strength.  
The winter station-based NAO index was obtained from the National Center for 
Atmospheric Research (https://climatedataguide.ucar.edu/climate-data/).  The index is based 
on the difference of seasonal normalized sea level pressure for the months December through 
March between Lisbon, Portugal and Stykkisholmur/Reykyavik, Iceland since 1864. 
 
Statistical methods 
Linear relationships between shell records and environmental indices were evaluated 
using the Pearson correlation coefficient (r) and coefficient of determination (r2).  For 
comparisons with the AMO, p-values were adjusted to account for autocorrelation of the 
model residuals using ܰ = ܰᇱ ଵି௣ଵା௣ where p is the autocorrelation coefficient of the residuals 
at lag 1, N is the sample size, and N’ is the effective sample size used for determining p-
values.  Statistics were calculated using Microsoft Excel 2010, R, MATLAB, and KNMI 
Climate Explorer.  The δ18Oshell index was created by taking a simple average of replicated 
years and does not account for the effect of declining sample number on variance of the 
mean. The Master Shell Growth Chronology (MSC), δ18Oshell index, and a combined index 
created by averaging the z-scored (i.e., normalized) MSC and δ18Oshell records were 
compared with environmental variables that potentially influence conditions near the study 
site, including North Atlantic SST records, the NAO index, the AMO index, and records of 
annual (Jan-Dec) AMOC variability. Z-scored records were produced by subtracting the 
mean and dividing by the standard deviation of each record over the period 1900-2012. 
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Multiple linear regression was used to evaluate the power of a combined index (MSC and 
δ18Oshell) in modeling AMO variability.  Where given, significance intervals for correlation 
coefficients are based on the Fisher z-transformation. 
 
Results 
Sea Temperatures and Growing Season 
Instrumental data from the IMR hydrographic station north of the study site (Figure 
1) were compared with the in situ observational mooring data to assess the basis for 
characterizing SST in the growing environment by the longer, IMR temperature record.  
Monthly aggregated data at 5-meter depth from both sources show a high degree of similarity 
(r2=0.95, p<0.0001) over the 25 months during which the data overlap (Figure S1, 
Supplementary Material).  Maximum monthly summer surface temperatures for both the 
mooring in the bay and the IMR station at 5 meters depth were 10.7 °C. Minimum winter 
temperatures for the mooring and IMR station were 2.92 °C and 3.7 °C, respectively.  The 
greater amplitude observed in the near-shore mooring compared to the off-shore IMR data 
are hypothesized to reflect the shallower water depth, and thus more effective heating and 
cooling, in the bay.  The difference between the two records is well within the error of the 
temperature measurements derived from δ18Oshell and thus, the IMR station data is used as a 
reliable representation of the local growing environment. 
δ18Oshell temperature estimates of two subsampled annual increments were used to 
estimate the growing season of A. islandica at Ingøya and evaluate evidence for equilibrium 
precipitation of aragonite with ambient seawater (Figure 3).  An isotope-salinity mixing line 
(Equation 2) was developed for Ingøya in order to enable estimation of δ18Owater from salinity 
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measurements and allow calculation of temperature from δ18Oshell and δ18Owater using 
Equation 1.  Aligning the time-axis of δ18Oshell-derived temperatures to match with IMR 
instrumental temperatures reveals a growing season beginning in April/June, continuing 
through winter, and ending in April/March of the next year.  Further evidence of a growing 
season beginning at least as early as May includes observations of algae-filled siphon and 
stomach parts, and thus active feeding, of individuals collected during the field campaign in 
early May, 2013. A brief cessation in growth likely occurs at the end of the growing season 
in March/April during which time an increment line is formed. 
 
Figure 2-3 Temperature estimates derived from δ18Oshell at Ingøya  (June 1998 to February 2000; dark blue 
dashed line) compared with instrumental temperature (thick blue line) and salinity (red line) collected from the 
nearby Ingøya IMR Oceanographic Monitoring Station.  Error bars on temperature estimates (±0.99°C) 
represent propagated error from instrumental measurements of salinity, δ18Owater, and δ18Oshell. The error 
associated with the Grossman and Ku (1986) transfer function is an additional ±1.37°C.  Salinity-isotope 
mixing line (inset). 
 
Master Shell Growth Chronology 
Thirteen live-collected shells were included in the chronology based on preference for 
the most mature individuals, the quality of the acetate replica peel used for measurements, 
and the absence of major growth disturbances as evidenced by major defects on the outer 
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margin.  Results of shell measurement and relevant statistics of the shell growth chronology 
are shown in Figure 4.  The age of individuals ranged from 15 years to 300 years with a mean 
longevity of 99 years (stdev=60).  The chronology is presented from 1900-2012 for 
consistency with availability of isotope data.  Growth chronology statistics, however, are 
calculated over the period 1880-2012.  EPS values averaging 0.89 indicate a statistically 
robust record over the length of the chronology (Figure 4b).  Prior to 1880, lower sample 
depth reduces the average EPS to below 0.85 (Figure 4b), the dendrochronological standard 
threshold at which a chronology is considered to adequately reflect a common forcing 
(Wigley et al., 1984).  Interseries correlation (rbar; Figure 4c), another indicator of 
synchronous population growth, ranged from r=0.36 to r=0.73 and averaged r=0.52 
throughout the chronology.  Mean sensitivity, higher values of which describe greater year-
to-year variability, averaged 0.42 throughout the chronology.  
 
Oxygen Isotopes 
Twelve individual shells were selected for isotope sampling based on the quality (in 
this case, readability of increments) of the untreated polished block and availability of 
appropriately aged material for sampling (Figure 6f).  The number of successive annual 
increments sampled from an individual shell averaged 18 and ranged between 3 and 28.  
δ18Oshell averaged 2.79‰ and ranged between 2.06‰ and 3.51‰.  Increments were milled 
from within the first 50 years of ontogeny.  Sample replication over the most recent ~20 
years indicates variability among different individuals larger than the typical analytical 
laboratory uncertainty of 0.09‰ for δ18Ocarbonate (for n≥3, mean standard deviation = 0.16‰).   
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Figure 2-4 Summary graphs of A. islandica shell growth and geochemistry at Ingøya.  (a) Detrended growth 
records from multiple shells (gray) and master shell growth chronology (black).  (b) EPS statistic (black) and 
standard threshold (0.85; dashed grey).  (c) rbar statistic describing average correlation between series (signal 
strength). (d) Number and lengths of the shells series included in the shell growth chronology.  (e) δ18OVPDB 
from n=13 shells (grey) collected at Ingøya and the average across replicates (black). (f) Number and lengths of 
shell series included in the δ18Oshell time series. 
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Statistical analysis 
Comparison of annual values of the δ18Oshell series with available monthly IMR 
station data produced significant linear correlations for a May-April (12 month) growing 
season (r = -0.76; p < 0.01; n = 21).  To verify that composite SST records reliably represent 
local SSTs and thus facilitate comparisons with more complete, gridded datasets (Figure 5), 
available IMR station data were compared with two gridded SST datasets (Table 1).  These 
comparisons showed a high degree of similarity between the measured SST and the gridded 
datasets (r = 0.92 – 0.97). 
Table 2-1 Pearson correlations (r) between different local SST datasets near Ingøya. 
All series monthly IMR Ingøya Station SST 
Local (70-72°N,  
23-25°E)  OISST 
(1981-2012) 
Local (70-72°N, 23-
25°E) HadISST 
(1900-2012) 
IMR Ingøya Station SST 1 - - 
Local (70-72°N, 23-25°E) OISST (1981-2012) 0.95 (p<0.01) 1 - 
Local (70-72°N, 23-25°E) HadISST (1900-2012) 0.92 (p<0.01) 
0.97 
(p<0.01) 1 
 
 
 
Figure 2-5 Spatial correlation plots showing the relationship between OISST Sea Surface Temperature and the 
MSC (a), δ18Oshell record (b), and MultiproxyAVE Index (c)  for the years 1982-2012  Colored regions indicate 
p<0.05.  Yellow star indicates location of study site.  The approximate path of the North Atlantic Current 
(stipple) is shown in 5c. 
0.90 0.54 0.360.72 0.18 -0.18 -0.36 -0.54 -0.72 -0.90
c    MultiproxyAVE Indexb    δ18Oshella    Shell Growth (MSC)
Pearson r (p<0.05)
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The annual MSC and δ18Oshell time series each show relatively strong, negative 
correlations with a broad swath of North Atlantic SSTs during the satellite era (Figure 5a, b). 
Varying the 10- to 12-month period of SST (i.e., May-April, June-May, May-February) and 
gridded dataset over the satellite period (i.e., HadISST; 1982-2012) results in similar spatial 
patterns of correlation with maximum values between r = -0.54 and r = -0.90 (p<0.05).  To 
test the relationship of a combined record with North Atlantic SSTs, the MSC and δ18Oshell z-
scored indices were averaged to create a MultiproxyAVE Index.  The spatial correlation 
between the MultiproxyAVE Index and North Atlantic SSTs reveals stronger correlations 
across a broader swath of the North Atlantic compared to either of the individual proxies, 
with maximum values between r = -0.72 and r = -0.90 (p<0.05; Figure 5c).  Performing the 
same analyses with longer gridded SST datasets produces similar, albeit weaker, correlations 
with a comparable spatial pattern (Figure S2, Supplementary Information) indicating a long-
term, stable relationship between shell-growth records and North Atlantic SSTs. 
The unsmoothed δ18Oshell time series exhibits a relatively strong, negative relationship 
with the annual AMO index (r = -0.55; adjusted p < 0.001; Jan-Dec) over 113 years (1900-
2012).  The unsmoothed MSC is also negatively correlated with the annual AMO index (r = -
0.35; adjusted p < 0.001; Jan-Dec) over the same time period.  Combining the z-scored shell 
proxies (MSC and δ18Oshell) using multiple linear regression on Jan-Dec AMO and the 
weights from the resulting equation 
MultiproxyAMO Index = – (0.144 × δ18Oshell) – (0.073 × MSC) (3)
increases the strength of the correlation to r = -0.62 (adjusted p < 0.001; Figure 6). The 
δ18Oshell series contributes roughly twice as much as the MSC in capturing AMO variability. 
Performing this analysis for other indices of AMO variability or varying the months used to 
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define the annual index produced similar correlations.  Lagging the index by 2 years 
maximizes the correlation to r = -0.78 (adjusted p < 0.001).  Smoothing both indices using a 
5 year triangular filter (1, 2, 4, 2, 1) increases the no lag correlation coefficient to r = -0.78 
(adjusted p < 0.001). 
 
Figure 2-6 Relationship between the shell-based MultiproxyAMO Index and AMO Index. (top) Standardized 
time series of the MultiproxyAMO Index (blue) and AMO Index (black) both smoothed (blue; black) and 
unsmoothed (light blue; grey). (bottom) 51-year running correlations between the AMO and MultiproxyAMO 
Index.  (bottom inset) Biplot showing relationship between the total length of both unsmoothed records.  N’ 
denotes effective sample size after accounting for autocorrelation of model residuals. 
 
Table 2-2 Correlations between the δ18Oshell, MSC, and Multiproxy Index with annual (Jan-Dec) records of 
AMOC variability, including the ECMWF AMOC Reconstruction and the Strength of the Florida Current.  See 
methods section for descriptions of each record.  Bold, starred r-values are significant at the 95% confidence 
level.  Reported values represent maximum correlations found from each comparison between 0 to 6 year lags. 
 MultiproxyAVE Index δ18Oshell MSC 
 r p-value Lag n r p-value Lag n r p-value Lag n
ECMWF 
AMOC 0.47* 0.007 5 45 0.45* 0.006 4 45 0.36 0.075 5 45 
Strength 
of FC 0.40 0.137 6 15 -0.18 0.581 5 15 0.38 0.168 6 15 
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Running correlations between the AMO and the MultiproxyAMO Index show a 
consistent inverse relationship throughout the length of the record (average r = -0.52; stdev = 
0.10; p < 0.01; Figure 6).  Running correlations between the NAO and the simple average 
MultiproxyAVE Index, MSC, and δ18Oshell oscillate between periods of negative and positive 
correlation (Figure 7).  Correlations between the shell-based records and various indicators of 
AMOC strength vary in sign and strength depending on the index used for comparison  
(Table 2). 
 
Discussion 
Chronology   
Determining synchronous growth within a population is an important step toward 
evaluating if the population is consistently responding to a common external forcing 
(Douglas, 1920; Butler et al., 2010).  Synchronous growth for the A. islandica population at 
Ingøya is evidenced by EPS values averaging > 0.85 from 1880-2012 (Figure 4b; Wigley et 
al., 1984).  Mean sensitivity averages 0.421 over the chronology, a value higher than for 
many other published shell growth chronologies (Black et al., 2008; Butler et al., 2012).  Of 
the ~15 shells harvested and determined to be >50 years in age, 10 of them easily crossdated 
into the chronology.  The remaining shells were not easy to crossdate due to major or minor 
disturbance marks along the outer margin.  In general, the population at the Ingøya shallow 
water site is dense but patchy and not heavily preyed upon, harvested, or disturbed by human 
activity, contributing to the success rate in obtaining high quality material suitable for 
crossdating. 
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SST and Shell Growth   
Year-to-year variability in A. islandica shell growth rate arises from cumulative 
environmental effects on the animal through changes in temperature and food availability 
(Witbaard et al. 1994).  The magnitude of the observed response to environmental variability 
has been found to vary among different populations (Schöne, 2013).  Variability in food 
supply and/or productivity dynamics can explain as much as 55%-66% of the variance in 
shell growth rates (Witbaard et al., 2003; Wanamaker et al., 2009).  Most studies find that 
temperature variability accounts for only 10-30% of the variance in shell growth rates 
(Schöne et al., 2003; Butler et al., 2010; Schöne, 2013).   
For the A. islandica population at Ingøya, local SST accounts for between 12% and 
25% of the variability in shell growth rates depending on the months used to define the 
growing season.  On a larger scale, however, shell growth rates share between 13% and 52% 
of variability with North Atlantic Sea Surface temperatures in the general path of the NAC 
(Figure 5), emphasizing the role of large-scale ocean dynamics in forcing local 
environmental variability and thus shell growth at Ingøya.  Thus, our analysis revealed that 
shell growth rates at Ingøya better relate to large-scale SST than to local SST.  This suggests 
that the combined influence of shallow water coastal processes, which are typically more 
dynamic compared to open ocean conditions, may cause the more variable shallow water 
signal to be partly time averaged during biomineralization. This observation underscores the 
complex interactions among local and large-scale temperature, productivity, and shell growth 
at the coastal setting of Ingøya. 
A significant finding for the Ingøya population is the inverse relationship between 
shell growth and SST, that is, increment widths are narrower during warmer years.  This 
observation is seldom discussed in the literature for marine bivalves (Carroll et al., 2014) and 
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suggests the need for further investigation into the controls on A. islandica shell growth at 
high latitudes.  Located at the northernmost known extent of living A. islandica (Dahlgren et 
al., 2000; Carroll, pers. comm.), the population at Ingøya likely exhibits increased sensitivity 
to environmental factors limiting growth.  The inverse relationship may be caused by warmer 
temperatures leading to increased zooplankton abundance, greater herbivory on 
phytoplankton in the photic zone and, ultimately, reduced food availability and/or quality for 
bivalves (Ottersen and Stenseth, 2001; Witbaard et al., 2003).  It is also possible that when 
seawater temperatures are relatively high, more energy will be consumed for metabolic 
functions. Hence, less energy is available for shell growth as has been postulated for scallops 
in Greenland (Blicher et al., 2010).  Thus, interactions among primary and secondary 
productivity dynamics and temperature/stratification processes propagate effects on the 
benthic community (Carroll et al., 2014).   
 
SST and δ18Oshell 
Variability among replicated years in the δ18Oshell time series is likely related to 
sampling technique and sampling precision.  The necessity of sample replication has not been 
fully investigated for many sclerochronological records and is a topic for future work (for 
examples see DeLong et al., 2007; DeLong et al., 2013).  The δ18Oshell record exhibits the 
expected, inverse relationship with SST (e.g., Grossman and Ku, 1986), assuming a relatively 
stable δ18Owater signal.  Waters at Ingøya exhibit a strong relationship between salinity and 
δ18Owater (Figure 3), allowing use of historic salinity records to estimate isotopic variability.  
Because annual salinity at Ingøya is relatively stable (mean = 34.2 ± 0.15 from 1968 to 
2011), variability in source water contribution to the δ18Oshell record is expected to be 
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minimal.  Further evidence that the δ18Oshell record primarily reflects temperature variations 
is the time-stable relationship between δ18Oshell and local SST. 
Many studies find stronger relationships between environmental indices and the 
δ18Oshell proxy rather than the growth rate proxy (e.g., Witbaard et al., 1994; Wanamaker et 
al., 2008b).  At Ingøya, δ18Oshell variability explains nearly 25% of the interannual variability 
of local SST (r = -0.513; p<0.001).  SST records across a broad swath of the North Atlantic 
(Figure 5) share at least 36% of variability with δ18Oshell (r = -0.54 to -0.72; p<0.05).  The 
spatial pattern of correlation is similar to that of the shell growth/SST pattern of correlation, 
underscoring the mechanistic link between large-scale ocean dynamics and the signal 
recorded in shell growth.  
 
Combined Multiproxy Record   
Combining multiple proxy records is a common approach to reconstructing climate 
variability (Gagen et al., 2006; Mann, 2002). The benefit to this approach is in preserving 
low frequency information in shell growth records, a routine problem in dendrochronology 
(Esper et al., 2004).  The detrending methods required to remove ontogenic trends from 
individual shell series results in what is commonly referred to as “the segment-length curse” 
(Cook et al., 1995).  Unless more sophisticated detrending techniques are used (i.e., regional 
curve standardization; Butler et al., 2010; Esper et al., 2004), the lowest frequency cycles 
preserved in a detrended record are approximately 1/3 of the average series length (Cook et 
al., 1995).  Combining the higher frequency components contained in the shell growth 
chronology with the lower frequency information from another record not subject to such 
detrending results in a potentially more complete record of proxy variability.  Reynolds et al. 
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(2013) employed this principle by combining a Glycymeris glycymeris shell growth proxy 
record with a nearby sediment core δ18Oforaminifera record to increase proxy sensitivity to North 
Sea temperature records.  Black et al. (2009) recognized the utility of using multiple annually 
resolved proxies in providing a “more holistic perspective” of environmental variability.  
They found a more robust relationship with local and regional SST by combining a coastal 
geoduck shell growth chronology with a nearby tree-ring width chronology in the Pacific 
Northwest.  Based on the differing lifespans of geoducks and trees (multidecadal versus 
multicentury), the proxies were subject to different frequency signal loss (Black et al., 2009).  
Tree-ring studies routinely combine multiple proxies from within or among tree populations 
to achieve improved estimates of climate variables (e.g., Gagen et al., 2006).  
At Ingøya, we considered δ18Oshell to exhibit considerably lower frequency variability 
than the shell growth chronology based on visual inspection of the time series.  δ18Oshell A. 
islandica is known to effectively record temperature and δ18Owater variations (related to 
salinity) without problems arising from vital effects (Weidman et al., 1994; Schöne et al., 
2004; Wanamaker et al., 2008b).  The shell growth record at Ingøya, while significantly 
correlated with temperature alone, is likely moderated by stratification dynamics and food 
availability, which in turn is heavily influenced by temperature conditions as well.  
Additionally, the timing of temperature changes may be more important than the temperature 
itself in modulating primary production and zooplankton dynamics, and in this way, may 
affect precisely when shell growth commences in the spring, the length of the growing 
season, and ultimately the total amount of shell growth per year.  We may, therefore, 
hypothesize that the shell growth record contains additional information not contained within 
the δ18Oshell record and vice versa.  High quality, long-term data on primary production and 
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zooplankton dynamics are not available near Ingøya making this hypothesis difficult to test.  
While the shell growth chronology and the δ18Oshell record both significantly correlate with 
local and large scale SST records, they are not significantly correlated with each other, 
further suggesting they individually record different aspects of hydrographic variability. 
As discussed at length by McCarroll et al. (2012), several methods may be employed 
for producing a multiproxy record.  One approach is to combine the series using weighted 
averages based on the temperature variance explained by each proxy (McCarroll et al., 2003).  
This method requires the assumption that the relative strength of the climate signal in each 
proxy is relatively constant through time.  Alternatively, multiple linear regression may be 
used to maximize the climate signal from the proxies under the assumption that the 
relationship between the proxy records is relatively constant through time (McCarroll et al., 
2012). While such assumptions could be valid for the Ingøya shell records, they are not 
tested here.  A simpler approach involves z-scoring the indices to equalize variance and 
taking a simple average, avoiding some assumptions involved in the other methods 
(McCarroll et al., 2012).  Therefore, this method was chosen to create a MultiproxyAVE 
Index.  Multiple linear regression on the AMO index was used for an additional assessment 
of the records. 
 
AMO  
The strategic location of the study site at the northern extent of the NAC and at the 
gateway to the Arctic links the local environment with large-scale North Atlantic processes 
and provides a mechanism that explains the strong relationship also observed between shell 
records and large-scale climate variability, especially the AMO index.  Hydrographic 
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conditions at Ingøya are sensitive to minor variations in the strength of the NAC as a result of 
long-term density driven overturning circulation in the North Atlantic as well as shorter-term 
wind forcing of surface currents influencing the amount of Atlantic water entering the 
Barents Sea Opening (O’Dwyer et al., 2001; Smedsrud 2013).  The spatial pattern of 
correlation between shell records and North Atlantic SST (Figure 5) and between local SST 
and North Atlantic SST (not shown) provide evidence for the primary influence of North 
Atlantic waters at the study site.  While influence from the Norwegian Coastal Current 
certainly modifies local hydrography, evidence presented here suggests North Atlantic 
processes dominate the temperature signal.  This is not surprising as NAC and Norwegian 
Coastal Current dynamics are both influenced by large-scale North Atlantic oceanic and 
atmospheric processes and are thus not independent of one another (Skagseth et al., 2011). 
Atlantic water enters the Barents Sea between Norway and Bear Island and is the 
Barents Sea’s primary oceanic heat source (e.g., Aksenov et al., 2010).  As Skagseth et al. 
(2008) and Levitus et al. (2009) observed, multidecadal variability in Barents Sea water 
closely parallels the AMO index. They describe the climatic variation in the Barents Sea as a 
local manifestation of larger-scale North Atlantic climatic variation.  This observation is 
supported by the shell records at Ingøya.  The relative weights of the multiple linear 
regression coefficients from Equation 3 suggest the δ 18Oshell series, carrying roughly twice 
the weight of the MSC in modeling AMO variability, better preserves the low frequency 
variability that is characteristic of the AMO. The maximized correlation at a two-year lag 
also reflects the low frequency nature of the AMO, and while this relationship statistically 
accounts for ~8% more variability than the relationship at no lag, we choose to focus our 
discussion on the latter.  The lagged correlations may be better assessed by extending the 
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shell records to span the entire length of the instrumental AMO record (1880-present) and is 
a topic for future work. The shell records at Ingøya may provide useful insight into high-
latitude impacts of AMO variability that are currently poorly documented (Drinkwater et al., 
2014).  Extending the shell growth and geochemical records presented here may provide the 
paleoclimatic data necessary to confirm the long-term (multicentury) relationship between 
North Atlantic and Barents Sea climate variability (Levitus et al., 2009; Drinkwater et al., 
2014). 
 
AMOC  
Comparison of Ingøya shell records with AMOC is hindered by a lack of available 
records.  No well-documented, long-term (>20 years), annually-resolved, continuous 
instrumental or proxy records of NAC behavior currently exist north of 60°N (Bersch, 1995; 
Hald et al., 2011), despite the fact that the warming influence of Atlantic waters is 
increasingly being recognized as a major driver of change within the Arctic (Arthun et al., 
2012; Spielhagen et al., 2011).  The 2004-present RAPID Project’s AMOC series across 
26°N represents one of the most complete instrumental records that integrates various 
components of Atlantic circulation at depth, however, the series is too short to lend 
confidence to the statistical relationship with shell records at Ingøya.  The same challenge 
exists in establishing the AMOC as the driving mechanism behind AMO variability.  
Observational evidence is not sufficient to statistically confirm the AMO-AMOC link 
resulting in a heavy reliance on evidence from modeling studies (Wei and Lohmann, 2012; 
Alexander et al., 2014).  Furthermore, the complexity of overturning circulation north of 
26°N suggests the variability measured at this latitude may not be fully comparable at Ingøya 
(71°N). 
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If the longer (1961-2005), model-based ECMWF AMOC record represents reality, 
the widely accepted hypothesis that a strengthened AMOC leads to positive SST anomalies 
across many parts of the North Atlantic may be contradicted, as a significant positive 
relationship is found between this record and δ18Oshell and MultiproxyAVE Indices and is 
maximized at a 5-6 year lag (Table 2). The lag represents a reasonable amount of time it 
would take for AMOC to reach its influence at 71°N.  The Florida Current record (1982-
present), one of the only long-term instrumental records of a component of AMOC 
variability, does not significantly correlate with the shell records.  The relationships may be 
confounded by the complex nature of AMOC north of 26°N and its cascading effects leading 
to variations in shell growth, making such hypotheses difficult to test. The relationships 
presented here are for exploratory purposes and require further investigation in order to link 
AMOC forcing with environmental variability at Ingøya. 
 
NAO   
Running correlations between the NAO and the 2-year lagged MultiproxyAVE Index 
exhibit oscillatory variability and coincide with variations in the AMO index (Figure 7), 
suggesting complex interactions between atmosphere and ocean forcing on the shell growth 
environment in northern Norway.  While the traditional NAO paradigm predicts warmer (and 
wetter) conditions in this region during NAO+ years, recent work suggests this may not 
always hold.  Polyakova et al., (2006), building on Slonosky et al. (2001), identified a 
variable relationship between the NAO and North Atlantic SST, surface air temperature, and 
sea level pressure over the past century.  Spatial correlations were shown to be either largely 
positive or negative during distinct decadal time intervals of the 20th century coinciding with 
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multidecadal North Atlantic temperature variability (i.e., AMO).  Spatial variations in the 
location and extent of NAO pressure centers are cited as the likely cause for shifts in NAO 
forcing (Jung et al., 2003; Drinkwater et al., 2013).  An unsurprising manifestation of such 
shifts is the resulting effect on the benthic community.  Along with the present study, several 
other studies identify significant and/or oscillatory variability in the relationship between the 
NAO and biological proxy records (e.g., Gamboa et al., 2010; Carroll et al., 2009).  
 
Figure 2-7 NAO, shell, and AMO time series and running correlations.  (left) Annual winter (grey line) and 7-
yr running linear average (black line) NAO index time series and unsmoothed MultiproxyAVE Index, MSC, and 
δ18Oshell time series (blue lines).  (right) Annual (grey line) and 7-year running linear average (black line) AMO 
index and 25-yr window running correlations between the annual NAO and the annual MultiproxyAVE, MSC, 
and δ18O time series (solid green lines).  Upper and lower 95% confidence limits based on Fisher’s method are 
shown as dashed green lines.  7-yr running linear average AMO index is shown for reference (black lines) with 
negative AMO phases shaded in grey. 
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During positive AMO phases (AMO+; i.e., 1926-1965 and 1995-present; Alexander 
et al., 2014), we generally observe a negative correlation between the 2-year lagged NAO 
and the shell-based records.  This fits with the existing NAO paradigm that predicts during 
NAO+ years, stronger than normal westerly winds enhance NAC transport, causing warmer 
(and wetter) conditions in northern Norway.  In turn, we would predict lower δ18Oshell, lower 
shell growth, and therefore a lower MultiproxyAVE Index within or following NAO+ years 
based on the temperature relationship previously discussed.  Warmer waters associated with 
NAO+ lead to increased zooplankton abundance, reducing the food availability and food 
quality for bivalves (Ottersen and Stenseth, 2001, Witbaard, 1996).  Alternatively or 
congruently, we may expect increased metabolic activity in warmer waters to also contribute 
to reduced shell growth (Blicher et al., 2010). 
During negative AMO phases (AMO-; i.e., 1900-1925 and 1965-1994; Alexander et 
al., 2014), however, we observe a positive correlation between the 2-year lagged NAO and 
the MultiproxyAVE Index. Thus, NAO+ years would be associated with increased shell 
growth, higher δ18Oshell, and therefore a higher MultiproxyAVE Index.  Following the 
Polyakova et al. (2006) observation of NAO+ leading to cold SST anomalies during AMO- 
periods, contrasting the traditional NAO paradigm, it follows that NAO+ would also lead to 
increased shell growth, higher δ18Oshell, and therefore a higher MultiproxyAVE Index during 
AMO- periods. 
An additional mechanism that could explain NAO+ leading to increased shell growth 
at Ingøya during AMO- may be related to the NAO’s influence on the length of the growing 
season.  NAO+ conditions may lead to increased wintertime cloud cover and higher air 
temperature, causing less ocean-atmosphere heat loss (i.e. warmer wintertime SST; Ottersen 
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and Stenseth, 2001).  Increased winter SST may actually lead to prolonged bivalve activity 
and feeding through the winter.  Metabolic demand may not greatly affect shell growth in 
wintertime temperatures.  We therefore imply that food availability, while greatly reduced, is 
not the primary limiting factor for shell growth during wintertime.  Wintertime active feeding 
has been observed in growth experiments using filtered ambient seawater without the 
addition of food (Liu, pers. comm.), suggesting sufficient material is available year-round 
throughout the water column, and may be consumed by bivalves if temperature conditions 
permit activity.  The hypotheses behind NAO forcing on shell growth at Ingøya, while 
supported by much of the literature on the subject (i.e., Witbaard, 1996; Ottersen and 
Stenseth, 2001; Carroll et al., 2014), require further testing through more detailed analyses of 
seasonal temperature variability, primary and secondary production, and bivalve activity in 
northern Norway. 
 
Conclusions 
Understanding an ecological response to environmental variability can provide 
insight into climate forcing and interactions.  Shell records from Ingøya, northern Norway, 
reveal the influence of large-scale North Atlantic climate variability at this Arctic location.  
North Atlantic SSTs are strongly, inversely correlated with shell growth and δ18Oshell. 
Combing the two proxy series into a multiproxy record significantly strengthens these 
correlations, suggesting that individually, they record different components of temperature 
variability.  This hypothesis is further supported by the finding that the shell based records do 
not significantly correlate with each other. The spatial pattern of correlation between shell 
records and large scale SST mimics the path of the NAC, emphasizing its role in modulating 
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hydrography, climate, and ecological processes along Norway. The relationship between 
shell records and the NAO exhibits variability coincident with AMO variability.  This is 
supported by literature citing complex interactions between NAO forcing on hydrographic 
variability (Polyakova et al., 2006).  The results build on the current understanding of the 
controls on shell growth in the North Atlantic and provide an absolutely dated, annually 
resolved, 113-year record that can be used to address larger questions of the dynamics and 
history of North Atlantic marine climate variability.  The A. islandica shell growth and 
geochemical response to large-scale North Atlantic forcing facilitates the goal of developing 
multi-century length proxies to explore past ocean/climate interactions in northern Norway.   
 
Supplementary Information 
Chronology Construction 
Once the qualitative, relative growth pattern was established through visual 
crossdating, growth increments were measured using Buelher OmniMet (v9.5) software with 
a Nikon Eclipse E600 transmitted light microscope equipped with a uEye camera using 5x 
and 10x objectives.  Increments were measured perpendicular to increment boundaries at a 
consistent distance, approximately halfway, between the outer and inner boundaries of the 
outer shell layer on the margin, and along the apex of growth increments on the hinge.  
Increment measurements were recorded in a spreadsheet with associated calendar years, 
annotated with information about corresponding image files and user data (available online at 
https://siperg.las.iastate.edu). 
Growth measurement series were initially compiled and statistically analyzed using 
the SHELLCORR MatLab script (Scourse et al., 2006).  SHELLCORR applies a user-
defined spline (in this case between 9 and 15 years) and log transformation to each 
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measurement series to produce detrended growth indices in which all low frequency patterns 
have been removed.  This aids intershell year-to-year growth comparisons and crossdating. 
Selected shells are then compared to other shell series over a user-defined running window 
(length between 11 and 21 years).  SHELLCORR displays pairwise correlations at various 
leads and lags to provide confirmation of the visual crossdating method over the length of 
each pairwise comparison.  Errors (e.g., Butler et al., 2009) in the northern Norway 
chronology identified using SHELLCORR were investigated and corrected by visually 
analyzing shells for verification and adjusting increment identification and measurement 
accordingly. 
The statistical crossdating program COFECHA was used to further quantitatively 
verify the visual crossdating technique (Holmes, 1983; Grissino-Mayer, 2001). COFECHA 
removes age-related growth trends and low frequency variability from each raw series using 
a cubic smoothing spline with a 50% cutoff frequency. A master chronology constructed by 
averaging the individual shell growth series is then compared with each individual series 
producing correlation coefficients in 30-year sliding windows with 15-year overlap.  Time 
periods exhibiting low correlations and flagged by COFECHA were checked for potential 
crossdating errors by visually analyzing shells for verification and adjusting increment 
identification and measurement accordingly. 
Following quantitative validation of crossdating via SHELLCORR and COFECHA, 
individual shell growth series (preferentially those from shell margins) were compiled into a 
single file in standard compact format using the Windows program CASE.  A master 
chronology was then constructed using the program ARSTAN (Cook, 1985; both programs 
developed by Cook and Krusic for dendrochronology; ARSTAN version 41d available at 
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http://ltrr.arizona.edu/software.hmtl).  Negative exponential curve detrending was used to 
remove age-related growth trends.  Younger shells (<30 years) useful for crossdating but 
statistically problematic for chronology construction (i.e., negative exponential detrending 
may not be not appropriate) were excluded from the chronology.  The standard master 
chronology (MSC) was constructed using a biweighted robust mean to minimize the effect of 
increment width outliers among the growth series (Cook et al., 1990).  Sensitivity of the 
MSC to the chronology construction was investigated by varying the detrending method.  
Associated chronology statistics including expressed population signal (EPS; Wigley et al., 
1984) and mean sensitivity were calculated using COFECHA and ARSTAN’s built-in 
functions. 
 
Figure S1 Comparison between IMR temperature recorded north of Ingøya at 5 meters depth (grey line) and 
observational bouy data at 5 meters depth recorded in the bay where A. islandica were collected (black line). 
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Figure S2 Spatial correlation plots showing the relationship between HadISST Sea Surface Temperature and 
the MSC (a), δ18Oshell record (b), and MultiproxyAVE Index (c) for the years 1900-2012.  Colored regions 
indicate p<0.05.  Yellow star indicates location of study site.  The approximate path of the North Atlantic 
Current (stipple) is shown in S2c. 
0.90 0.54 0.360.72 0.18 -0.18 -0.36 -0.54 -0.72 -0.90
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Abstract 
Recent studies have identified isotopic variability of contemporaneously produced 
biogenic carbonate outside the range of typical analytical uncertainty.  Such “unexpected” 
variability may arise from natural heterogeneity of the carbonate material or artifacts of 
sample collection, preparation, and analysis.  The present study seeks to investigate sources 
of isotopic variability in the commonly used marine bivalve Arctica islandica, with an 
emphasis on the potential of human-induced variability arising from sampling techniques.  
Stable carbon (δ13Ccarbonate) and oxygen (δ18Ocarbonate) isotopes were analyzed for split (intra-
sample) and replicate (intra- and inter-shell) samples taken from a group of laboratory-reared 
individuals, a natural population from northern Norway, and a natural population from the 
Gulf of Maine, USA.  Our data suggest that heterogeneity of the carbonate material (i.e., 
large range of isotopic composition within one sample due to seasonal environmental 
variability) may contribute to “unexpected” variability more than human-induced error from 
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sampling imprecision when collecting whole annual increments.  Furthermore, δ13C from 
juvenile shells were highly variable and should be interpreted with caution.   
Additionally, isotopic measurements from the laboratory-reared shells were 
statistically analyzed to determine the minimum number of replicate samples required to 
achieve reasonable levels of uncertainty in paleotemperature reconstruction.  Reduction in 
uncertainty improves substantially when using two to three shells, however replication using 
a total of four shells further decreased uncertainty to within the 99% confidence level.  
Published studies sometimes compensate for uncertainties by replicating records over 
multiple individuals or multiple transects within the one individual.  Oftentimes, however, 
isotope records are constructed from single individuals or transects and therefore fail to 
provide thorough estimates of proxy error.  Our findings suggest that replication of carbon 
and oxygen isotope measurements of contemporaneously produced aragonite is necessary in 
order to reduce proxy-derived noise.  Furthermore, population-specific estimates of 
uncertainty related to natural variability among individuals should be investigated in order to 
provide more realistic representations of proxy noise when reporting isotope time series.   
Keywords: Arctica islandica; isotope replication; proxy uncertainty; paleotemperature 
reconstruction; micromill 
 
Highlights 
• Isotope replication of carefully sampled, contemporaneously produced material was 
found to be within analytical uncertainty, masking the influence of potential human 
imprecision during micromilling.   
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• Seasonal heterogeneity in isotopic composition is likely the primary cause of 
unexpected variability in contemporaneously produced carbonate records. 
• Uncertainty in isotopic measurements is substantially reduced when data are 
replicated using at least four shells. 
• Study-specific replication and error propagation are highly encouraged for all 
paleoclimate studies using isotope proxies. 
 
Introduction 
The ability to construct high-resolution, centuries-long oxygen isotope records from 
biogenic proxy archives is a hallmark of sclerochronology and paleoclimatology.  
Absolutely-dated, annual to subannual oxygen isotope records collected from the long-lived 
marine bivalve, Arctica islandica (Fig. 1), for example, have become an increasingly 
valuable tool for understanding oceanographic variability and climate change over the past 
millennium (e.g., Schöne et al., 2005; Wanamaker et al., 2008b; 2011; Reynolds et al., 2016).  
By measuring and crossdating annual growth increment widths, shell growth chronologies 
allow construction of zero-error age-constrained isotope records unparalleled among most 
paleoclimate archives (Black et al., 2016).  Bivalves known to precipitate their shells in 
oxygen isotope equilibrium with ambient seawater (e.g., Epstein et al., 1953; Wanamaker et 
al., 2006; 2007), including A.  islandica (see Weidman et al., 1994) are assumed to reliably 
preserve δ18Ocarbonate records that reflect the combined signal of seawater temperature and 
isotopic source signal (δ18Owater) during biomineralization.  Combined error (or total error) 
associated with analytical uncertainty, paleotemperature transfer functions, and geochemical 
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variability inherent within proxy archives, however, is rarely reported or investigated in the 
literature.  
Most studies report error associated with isotope records as that of analytical 
uncertainty, typically in the range of ± 0.08‰ for δ13C and 0.10‰ for δ18O (i.e., ± 1 standard 
deviation, 1σ, based on long-term performance of isotopic standards).  For this study, we 
consider the 2σ range of analytical uncertainty in order to increase the coverage of the data 
distribution (i.e., ±0.16‰ for δ13C and ±0.20‰ for δ18O).  Recent work has shown that the 
reproducibility of δ18O records from contemporaneously produced biogenic carbonate may 
be somewhat larger than typical analytical uncertainty.  In constructing a 112-year oxygen 
isotope chronology with maximum replication of six shells per year, Mette et al. (2016) 
found mean variability of 0.32‰ in annual δ18Ocarbonate values (2σ mean standard deviation 
where n ≥ 2).  Using similar methods in constructing a 1,049-year A. islandica δ18Ocarbonate 
record and including some split samples (a single sample split into two analyses), Reynolds 
et al. (2016) reported variability of 0.40‰ (personal communication).  In a 267-year A. 
islandica δ18O record, Whitney et al. (in prep) found variability of 0.42‰.  Whether this 
variability arises from natural heterogeneity among samples, sampling artifacts (e.g. 
Yamanashi et al., 2016), or a combination of both of these sources remains an open question.  
To date, this “unexpected” δ18O variability, larger than that of typical analytical uncertainty, 
has not been fully investigated or accounted for.   
Research, to date, has largely focused on uncertainties and induced error associated 
with isotope exchange and potential alteration of aragonite to calcite during sampling and 
analysis (Foster et al., 2008; Gill et al., 1995; Tobin et al., 2011; Waite and Swart, 2015; 
Staudigel and Swart, 2016).  Inversion of aragonite to calcite occurring during micromilling, 
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for example, is thought to alter the δ18O of the material, either through isotope exchange with 
an external reservoir (i.e, atmospheric water vapor; Epstein et al., 1953; Aharon, 1991), 
isotope exchange with the organic component of the biomineral skeletal structure (Epstein et 
al., 1953; Land et al., 1975), or isotope fractionation as CO2 is driven off during milling (Gill 
et al., 1995).  As Gill et al. (1995) point out, while the inversion of aragonite to calcite is 
believed to occur primarily at temperatures above 400°C (Spry 1969), inversion may also 
occur at lower temperatures in geologically young, biologically produced, and fine grained 
material (Kunzler and Goodell, 1970).  Inversion may be moderated by optimizing depth per 
pass, pass speed, plunge speed, rotations per minute, and bit type (cutting versus abrading) of 
the drilling apparatus, however, many studies fail to find a consistent relationship between 
these parameters and the aragonite-calcite conversion rate or measured δ18O (Foster et al., 
2008; Waite and Swart, 2015). 
Sample replication is generally recommended for paleoclimate proxies as a means to 
reduce error associated with proxy noise in isotopic composition among individual 
specimens/samples (e.g., corals - Stephans, 2004, Suzuki et al., 2005, DeLong et al., 2013; 
otoliths - Darnaude et al., 2014; speleothems - Denniston et al., 2013; trees - Loader et al., 
2013; bivalves - Gillikin et al., 2005, Yamanashi et al., 2016).  Less focus has been placed on 
the component of isotopic variability related to human error involved in isotope sampling.  
Bivalve shell growth generally follows a negative exponential trend.  As the animals age, 
decreasing growth rate, and thus, increment width, increases the difficulty and precision 
required of geochemical sampling at annual resolution.  Constructing annual to subannual 
δ18O records from A. islandica shells (Schöne et al., 2005; Wanamaker et al., 2011), 
therefore, typically requires the use of a computer-automated micromill to collect samples.  
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While the process of micromilling is largely automated, the human operator uses a software 
interface to delineate the desired sample to be milled, for example, targeting one year of 
growth (Fig. 1).  The powdered sample produced may be greatly in excess of what is needed 
for isotopic analysis, requiring the operator to ensure the sample is well-homogenized before 
portioning out between a (typically) 50 and 300 µg aliquot for analysis.  As increments 
become smaller in width, the user may choose to mill deeper into the sample cross-section to 
obtain enough sample powder.  The shape of the drill bit and the geometry of the growth 
increment below the visible surface layer may impart additional bias into sampling (Goodwin 
et al., in prep).  Because the growth rates of many organisms vary throughout the year, 
accidental exclusion/inclusion of late- or early-year material from a neighboring growth 
increment may disproportionately skew the isotopic values.  This can be further complicated 
by between-shell differences in total increment width, even in well-crossdated chronologies 
with high inter-series correlation.  Human-induced sources of variability in the isotopic 
signature can thus be summarized as follows: 1) poorly homogenized sample powder, 2) 
inconsistent delineation of increment boundaries, and 3) inclusion (exclusion) of sample from 
outside (inside) the targeted increment at depth.  Quantifying the amount of error attributable 
to the skill and biases of the micromill operator (or hand-sampler) is important in fully 
understanding the natural isotopic variability in biogenic archives.  The present study seeks 
to investigate the reproducibility of isotope records from A. islandica by testing the 
hypothesis that “unexpected” isotopic variability in contemporaneously produced aragonite 
within or between shells is largely influenced by human-induced error during microsampling. 
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Figure 3-1 A. islandica shell processing (modified from Wanamaker et al., 2016).  (A) Left valve of an A. 
islandica shell with dashed line showing maximum growth axis. (B) Photomicrograph of an acetate peel of a 
polished shell cross-section embedded in epoxy. (C) Photomicrograph of boxed area in (B), showing annual 
growth lines and increments (depicted by black bars). (D) Photograph of a polished shell cross-section 
embedded in epoxy and positioned on a micromill stage. (E) Reflected light photomicrograph of a shell partially 
milled for carbon and oxygen isotopic analysis depicting the boxed region in (B) and (D). Annual growth lines 
are marked by blue triangles. 
 
Materials and Methods 
Shell materials and sampling 
Three populations of A. islandica shells were used in this study (Table 1): shells 
collected from Northern Norway (“NOR”) in an approximately 300 m x 300 m area of a 
shallow bay (6 m depth) off the island of Ingøya in 2015 using a custom bespoke dredge (see 
Mette et al., 2016), from the Gulf of Maine (USA) near Jonesport, Maine (“GoM_JP”) at 
mid-depth (80 m) using a commercial dredge (see Beirne et al., 2012 for additional details), 
Direction of 
Growth
Annual Growth Lines
A C
B D E
1 cm
0.5 cm
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and a collection of GoM_JP juvenile clams reared at constant temperature in a laboratory for 
a proxy calibration study (“GoM_C”). 
 For the present study, three NOR individuals aged 25, 28, and 29 years and three 
GoM_JP individuals aged 44, 56, and 56 years at the time of collection were bisected along 
the maximum growth axis, embedded in clear epoxy, and bisected again to produce two 
mirror-image shell blocks, A and B (i.e., GoM_JP1A, GoM_JP1B, NOR1A, NOR1B, etc.).  
Polished blocks were then mounted on a Merchantek micromill with a Leica GZ6 
microscope capable of 10 µm steps.  Whole annual increments were milled over a decade of 
target increment-years from both blocks of each shell (Fig. 1) using a Brasseler USAVR 
round carbide drill bit (item #H52.11.003).  Milling parameters were kept relatively constant 
among samples with 4 to 5 passes at 75-100 µm depth per pass, 55 µm/sec scan speed, 55 
µm/sec plunge speed, and 100% drill power.  The target sample size for analysis was 250-
500 µg for shell samples.  If more than 500 µg of sample powder was collected, the quantity 
was split in half and run as two or more analyses (i.e, “splits”). 
The group of juvenile (3-year-old) GoM_C clams was reared in a flowing seawater 
system at the Darling Marine Center (Walpole, Maine, USA).  Complete details on the 
culture experiment are given in Wanamaker and Gillikin (this issue), however, a brief 
description is also provided here.  Clams were exposed to ambient food and salinity (31.00 ± 
0.93, ±2σ) conditions but kept at a constant temperature (15.00 ± 0.56 °C, ±2σ) for 69 days.  
Average shell growth during this period was 3.2 mm (n=30), suggesting an average daily 
growth rate of 0.046 mm/day.  For the present study, 37 shells were sampled by hand-milling 
the outermost ~0.4mm of the shell margin (representing approximately nine days of growth) 
53 
 
 
using a Dremel tool with a carbide drill bit (item #835.11.010). For each shell, two samples 
of between 250-300 µg were portioned out for isotopic analysis (i.e., two splits per shell). 
Table 3-1 Shell material sampled for this study. 
Archived 
Sample Label 
Present Study 
Label 
Source Locality 
(depth) 
Increment Years 
Milled (CE) 
Ontogenetic Age 
of Increments 
Age of shell in 
year of harvest 
ING15_013 NOR_1 Ingøya, Norway (6m) 2000 - 2014 13 - 22 25 
ING15_017 
ING15_007 
NOR_2 
NOR_3 
Ingøya, Norway (6m) 
Ingøya, Norway (6m) 
1994 - 2012 
1991 - 2013 
17 - 26 
18 - 27 
28 
29 
090829 GoM_JP1 Jonesport, Maine (80m) 1986-1995 33-42 56 
090826 
090799 
GoM_JP2 
GoM_JP3 
Jonesport, Maine (80m) 
Jonesport, Maine (80m) 
1986-1995 
1986-1995 
21-30 
33-42 
44 
56 
TC10 through 
TC46 
GoM_TC10 
through _TC46 (see text, section 2.1) 2011 3 3 
 
 
Isotopic analysis 
All carbonate samples were analyzed at the Iowa State University Stable Isotope 
Laboratory for δ13C and δ18O on a ThermoFinnigan Delta Plus XL mass spectrometer 
coupled with a GasBench II and CombiPal autosampler.  Powder samples were transferred to 
round bottom 12 mL borosilicate Labco Exetainer vials and flushed with helium gas.  A 0.1 
mL aliquot of pure phosphoric acid was added to the vials at 34°C and allowed to equilibrate 
for at least 16 hours (Fig. 2).  National Institute of Standards and Technology standard 
reference materials NBS19 and NBS18 were used for regression-based isotopic corrections 
and to assign the data to the appropriate isotopic scale.  At least one of each reference 
standard was used for every six samples.  In total, no more than 40 samples were run per 
batch (not including standards).  The long-term precision of the mass spectrometer is 
±0.120‰ and ±0.180‰ for δ13C and δ18O, respectively (2σ).  The analytical uncertainty 
based on standards corrections across the nine sample batches performed for this study was 
slightly larger than long-term precision, averaging ±0.167‰ and ±0.302‰ for δ13C and δ18O, 
54 
 
 
respectively (2σ).  Among all runs, only one NBS19 standard was omitted from the 
corrections procedure because it was identified as an outlier (measured δ18O value was >8 
standard deviations from the mean of the five other within-run NBS19 standards). 
 
 
Figure 3-2 Schematic of acid digestion procedure for stable carbon and oxygen isotope measurement of 
carbonate material (after Sharp, 2007). 
 
Statistical Analyses and Temperature Estimates from Cultured Shells 
For analysis of sample splits from all populations (i.e., intra-sample variability), 
where n=2 (and in few cases, 3 or 4), the average (median and mean) of absolute differences 
between sample splits ‘1’ and ‘2’ measurements was used as a metric for comparison with 
analytical uncertainty.  For intra-shell analysis between blocks A and blocks B of the 
GoM_JP and NOR shells, the average (median and mean) of absolute differences between 
block replicate measurements was used.  To assess inter-shell variability in isotopic 
composition among the GoM_JP shells, where two transects (referred to as blocks A and B) 
of three individuals were sampled, the mean of the six measurements for each year was 
treated as a “baseline.”  The absolute difference of each shell series from this baseline was 
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taken to create a time series of residuals for each shell block.  The average (median and 
mean) value of residuals from the baseline for each shell block was then compared with 
analytical uncertainty.  The same approach was used to compare inter-shell variability among 
the NOR individuals.  To simplify the analysis and prevent artificial reduction of variability, 
only “split 1” samples were used for intra-shell and inter-shell analyses.  Significance of time 
series trends were tested at the 95% confidence level using linear modeling in the form [Y = 
m*X + β] in R with the null hypothesis that slope = 0, where Y is year, m is slope, X is 
isotopic measurement, and β is intercept. 
For the GoM_C shells, the 2σ standard deviation of replicated shell isotopic 
measurements was compared with analytical precision.  Standard deviation was calculated 
for the “split 1” group, “split 2” group, and average between splits of shell replicates.  
Isotopic measurements from the GoM_C shells were additionally used to assess number of 
shell replicates needed to obtain robust estimates of δ18O, δ13C, and δ18O-derived 
temperature estimates obtained using a common aragonite transfer function (Eq.  1; 
Grossman and Ku, 1986 modified by Dettman et al., 1999).  δ18Owater (-1.454‰) was 
estimated using a fixed salinity of 31.68 for the last nine days of the culture experiment and 
the western Gulf of Maine salinity-isotope mixing line of Whitney et al. (2017). 
T (°C) = 20.60 - 4.34 × (δ18Ocarbonate - (δ18Owater - 0.27))      (1) 
δ18Owater = 0.20 × salinity – 7.79         (2) 
A temperature of 14.95°C (representing the last nine days of the culture experiment) 
was the expected temperature based on δ18O values from the shells and the estimated 
δ18Owater of -1.454‰ (see Supplementary Information, Table 1).  δ18O, δ13C, and δ18O-
derived temperature estimates from the GoM_C shell measurements were randomly sampled 
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without replacement to generate 50,000 random samples from each of n=2 to n=37 using 
MATLAB.  The standard error for each n was calculated from the 2σ standard deviations of 
the 50,000 random samples.  A p-value was determined by counting the total number of 
random samples (out of 50,000) with a standard deviation larger than the 2σ standard 
deviation of the 37 shells and then dividing this number by the total number of random 
samples (50,000).  This analysis was performed for the split 1 group, split 2 group, and the 
average between splits.  The recommended number of sample replicates was determined by 
considering increasing significance level of the p-value, and sampling practicality (time and 
costs). 
 
Results 
Sampled Shell Material 
The GoM_C shells were sampled from the final year of growth, 2011, resulting in a 
total of 37 sets of replicates used for analysis of inter-shell replication (Table 2).  The amount 
of powder collected was large enough for split analysis of all samples, however, split 2 from 
GoM_C2 was compromised during analysis.  The remaining 36 sets of sample splits were 
used for statistical summary (Fig. 3). 
The GoM_JP shells were sampled over the common period 1986-1995 (Fig. 4, left; n 
years = 10 × 3 = 30).  Sample GoM_JP1A, year 1989 was compromised during analysis.  
δ18O for sample GoM_JP3B, year 1994 was found to be >5 standard deviations from its 
sample group mean and excluded from further analysis.  In total, 28 sets of GoM_JP sample 
replicates were used in statistical summary and analysis.  Because only two pairs of sample 
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splits were analyzed for the GoM_JP shells, they were excluded from comparison with 
sample split statistics of the other populations.   
The NOR shells were sampled over the common period 2003-2012 (Fig. 4, right).  
The NOR shells were also sampled prior to and after this period where increment size and 
clarity allowed.  NOR_1 and NOR_2 were sampled from 1994-2012 (n years = 19) and 
1999-2013, respectively.  NOR_3 was sampled from 2000-2014, but 2001 and 2002 were 
sampled together and treated as 2001.5 (n years = 14).  Sample NOR_2, year 2005 was 
compromised during analysis.  In total, 47 sets of NOR sample replicates were used in 
statistical summary and analysis.  The amount of powder collected was large enough for split 
analysis on 28 samples.  Data from outside the common period were included in summary 
and analysis of intra-shell replication and sample splits (Fig. 3B; also see Supplementary 
Information Fig. S1), however, data from the common period only are used for statistical 
analysis of inter-shell replication (Fig. 4, right). 
 
δ13C Measurements 
The δ13C values of the GoM_C shell samples ranged from 0.891‰ to 2.438‰ (mean 
= 1.912‰, 2σ = 0.660‰).  All 36 sets of sample splits fell within the ±2σ estimate of 
analytical uncertainty (Fig. 3A).  The δ13C values of the GoM_JP and NOR shell samples 
ranged from 0.861‰ to 2.254‰ (mean = 1.474‰, 2σ = 0.728‰) and from 0.862‰ to 
2.895‰ (mean = 1.651‰, 2σ = 1.052‰), respectively.  For the GoM_JP shells, one of 28 
(4%) sets of sample replicates fell outside the ±2σ estimate of analytical uncertainty (Fig. 
3B).  For the NOR shells, none of 47 sets of sample replicates and four of 28 (14%) sets of 
sample splits fell outside the ±2σ estimate of analytical uncertainty (Fig. 3B).  Regression 
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slopes significantly different from zero (at the 95% confidence level) were found for δ13C 
series from GoM_JP1B, GoM_JP3B, NOR_1A, and NOR_1B (Fig. 4A). 
 
δ18O Measurements 
The δ18O values of the GoM_C shell samples ranged from -0.822‰ to -0.044‰ 
(mean = -0.365‰, 2σ = 0.296‰).  All 36 sets of sample splits fell within the ±2σ estimate of 
analytical uncertainty (Fig. 3A).  The δ18O values of the GoM_JP and NOR shell samples 
ranged from 1.141‰ to 2.707‰ (mean = 2.146‰, 2σ = 0.295‰) and from 1.943‰ to 
3.825‰ (mean = 2.878‰, 2σ = 0.690‰), respectively.  For the GoM_JP shells, three of 28 
(11%) sets of sample replicates fell outside the ±2σ estimate of analytical uncertainty (Fig. 
3B).  For the NOR shells, 10 of 47 (21%) sets of sample replicates and four of 28 (14%) sets 
of sample splits fell outside the ±2σ estimate of analytical uncertainty (Fig. 3B).  Regression 
slopes significantly different from zero (at the 95% confidence level) were found for δ18O 
series GoM_JP1B, GoM_JP2B, NOR_1A, and NOR_2A (Fig. 4B).  The temperature 
estimates from δ18O of the GOM_C shell samples ranged from 13.52 °C to 15.97 °C (mean = 
14.71 °C, 2σ = 1.178°C) (Supplementary Information, Table 1).  
Table 3-2 Isotopic variability of GoM_C shell samples.   
Group 2σ  δ13C (n) 2σ  δ18O (n)  
GoM_C inter-shell replicates 
 
split 1 = 0.688 (37) 
split 2 = 0.639 (36) 
mean of splits = 0.653 
split 1 = 0.298 (37) 
split 2 = 0.295 (36) 
mean of splits = 0.271 
Analytical Precision (2σ) 0.167  0.302  
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Table 3-3 Isotopic variability of within-shell replicate and split samples from all populations.   
Group (n pairs) Mean (median) δ13C difference (‰)  Mean (median) δ18O difference (‰)  
GoM_C intra-sample splits (37) 0.091 (0.071) 0.098 (0.075) 
NOR intra-sample splits (28) 0.169 (0.141) 0.281 (0.226) 
NOR intra-shell replicates (47) 0.126 (0.107) 0.332 (0.235) 
GoM_JP intra-shell replicates (28) 0.120 (0.119) 0.265 (0.223) 
Analytical Precision (2σ) 0.167  0.302  
 
 
Table 3-4 Isotopic variability of between-shell replicate samples from NOR and GoM_JP populations.   
Group (n pairs) Mean (median) δ13C residual (‰)  Mean (median) δ18O residual (‰)  
NOR inter-shell replicates (60) 0.119 (0.076) 0.215 (0.175) 
GoM_JP inter-shell replicates (60) 0.294 (0.315) 0.196 (0.163) 
Analytical Precision (2σ) 0.167  0.302  
 
 
Table 3-5 Summary of analysis between number of shell replicates (sample size) and significance estimates 
based on standard error. 
Sample size δ13C p-value 
δ13C 
standard 
error δ18O p-value 
δ18O  
standard 
error 
δ18O-derived 
Temperature p-
value 
δ18O-derived 
Temperature 
standard error 
2 0.064 0.422 0.048 0.161 0.047 0.699 
3 0.043 0.338 0.017 0.122 0.016 0.530 
4 0.003 0.289 0.001 0.101 0.001 0.440 
5 <0.001 0.257 <0.001 0.087 <0.001 0.379 
6 0 0.234 0 0.078 0 0.336 
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Figure 3-3 Absolute differences in δ13C and δ18O values for shell sample splits (A) and replicates (B).  
Differences between pairs of split 1 and split 2 (A; intra-sample) measurements for 36 GoM_C individuals are 
shown in gray and for three NOR individuals are shown in dark blue (_NOR1), medium blue (_NOR2), and 
light blue (_NOR3).  Differences between pairs of block A and block B (i.e., intra-shell) measurements for three 
GoM_JP individuals are shown in dark purple (_JP1), medium purple (_JP2), and light purple (_JP3) and for 
three NOR individuals are shown in light blue (_NOR3), medium blue (NOR2), and dark blue (_NOR1).  One 
(*) intra-shell δ18Ocarbonate replicate pair difference from the NOR population measured 1.183‰ and is not 
shown.  Median and mean differences are denoted by the bold horizontal black bar and red square, respectively.  
Analytical uncertainty 2σ and 4σ estimates are denoted by the solid grey and dashed grey lines, respectively.  
Points above the 4σ line represent the rare case when ±2σ error bars on the pair of sample replicates do not 
overlap. 
 
61 
 
 
 
Figure 3-4 Results from intra- and inter-shell isotope replication from the GoM_JP (left) and NOR (right) 
shells over the commonly sampled period for each population.  Three individuals (row panels in A) were 
sampled across two transects (pairs of like colors) for carbon and oxygen isotope ratio (column panels left and 
right in A, respectively).  Error bars on points in (A) represent analytical uncertainty associated with the 
instrumental run (batch) in which each sample was analyzed (note: carbon error bars are approximately same 
size as plot symbols).  The black lines in (A) represent the associated population’s mean measurement across 
the six total transects.  Residuals from the mean for each transect are shown in (B).  Boxplots of residuals in 
with median (mean) differences denoted by the bold horizontal black bar (red square), are shown in (C).  
Analytical uncertainty 2σ and 4σ estimates are denoted by the solid grey and dashed grey lines, respectively.  
Points above the 4σ line represent the rare case when ±2σ error bars on the pair of sample replicates do not 
overlap. 
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Discussion 
Culture Experiment 
The GoM_C shell sampling design represents an ideal scenario for reproducing what 
should be nearly identical isotope records.  Sources of variability are reduced because the 
sampled shell material was deposited under highly controlled temperature conditions (15.00 
± 0.56 °C), variability in other environmental parameters (food, salinity) was identical 
between shells, and the material sampled represents a period of time shorter than the length 
of the culture experiment (i.e., is not contaminated by material deposited before the 
beginning of the experiment when shells were living in the natural environment).  Isotopic 
variability among replicated samples should, therefore, primarily reflect analytical 
uncertainty.  If variability within analytical uncertainty cannot be achieved, we would suspect 
vital effects to be influencing isotopic composition.  Inter-shell δ13C variability for the 
GoM_C shells measured 0.653‰ (2σ, Table 2), compared to 2σ analytical uncertainty of 
0.167‰ for δ13C.  The unexpected and relatively large variability in δ13C values between 
individuals, in this case, is hypothesized to arise from vital effects during early ontogeny (for 
example, see Butler et al., 2011).  Beirne et al. (2012) found that both juvenile and adult A. 
islandica clams incorporated ~10% of metabolic carbon into their shells, however, a positive 
relationship between juvenile (2-3 year old) growth rates and δ13C values was found during 
the spring bloom period (March-May; r2 = 0.23; p < 0.012). Reynolds et al. (in revision) 
suggest younger individuals, like the ~3-year old GoM_C shells, tend to record inconsistent 
δ13C values potentially due to variable incorporation of metabolic carbon induced by highly 
variable growth rates.  Variability of inter-shell δ18O measurements (0.271‰), however, was 
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within analytical precision for δ18O (0.302‰).  Variability in both δ13C (0.091‰) and δ18O 
(0.098‰) for GoM_C sample splits were also well within analytical uncertainty (Table 3). 
Analysis of the GoM_C isotopic measurements support the hypotheses that A. 
islandica shells growing in the same environment record consistent oxygen isotopic 
information in their carbonate structures (e.g., Mette et al., 2016) and that carbon isotope 
values are more variable at young ages (Butler et al., 2011; Reynolds et al., 2017).  The range 
of temperatures derived from the δ18O values (13.52 to 15.97 °C) is larger than the range of 
temperatures in which the shells were grown (14.95 ±0.06 °C, last nine days).  However, 
considering the combined errors (treated as random errors and then propagated [(a2 + b2+ 
c2)1/2] in terms of temperature) of analytical uncertainty (±1.31 °C, 2σ), the salinity-isotope 
mixing model (± 1.26 °C; based on root mean squared error [RMSE] of 0.29 ‰ calculated 
using data from Whitney et al., 2017), and the temperature transfer function (±1.38 °C; based 
on RMSE of all aragonite data and associated temperature model of Grossman and Ku; Eq. 
1), assuming negligible δ18Owater variations during the nine day sampling interval, the derived 
temperatures are within range (14.95 ± 2.28 °C; 12.67 to 17.23 °C).  Overall, analysis of the 
GoM_C shells supports the premise that A. islandica precipitate their aragonitic shells in 
oxygen isotopic equilibrium with seawater.  This along with the results reported by 
Wanamaker and Gillikin (this issue) indicate that oxygen isotopes from shell aragonite can 
reliably be used as proxies for seawater temperature, assuming the δ18Owater is accurately 
known.   
Random sampling without replacement of oxygen isotopic measurements from 
GoM_C shells at various sample sizes (i.e., number of replicates) revealed sufficient 
reduction in error (to the 99% confidence level) is achieved with replication using a 
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minimum of four shells.  Replication with a minimum of two to three shells yielded results 
that were robust at the 95% confidence level.  We recognize that shells from the culture 
experiment represent “ideal” conditions for paleothermometry applications.  Highly variable 
carbon isotope values from the culture experiment are suggestive of vital effects during early 
ontogeny.  Carbon isotope data from juvenile A. islandica shells, therefore, need to be treated 
with caution until potential physiological processes can be investigated.  An updated and 
detailed discussion of interpreting A. islandica δ13C records is provided by Reynolds et al. 
(2017). 
 
Isotopic Variability from Natural Collections 
Intra-sample and Intra-shell comparisons 
Having verified that A. islandica shells grow in oxygen isotopic equilibrium with 
seawater (i.e., variability in δ18O is likely not related to vital effects), the GoM_JP and NOR 
shells offer a testing ground for assessing both the skill of the micromill operator and the 
reproducibility within and between shells from each naturally variable (noisy) environment.  
Within shells (intra-shell), blocks A and B are expected to produce near identical isotope 
records.  Between accurately identified annual markers, whole increment geometry varied 
little between shell blocks as they represent material a maximum of 5 mm apart on the whole 
shell.  By using the same milling parameters between blocks and using near identical path 
dimensions and orientations, any alteration of aragonite to calcite during the sampling 
process likely occurred to the same extent on both blocks.  Variability between blocks A and 
B should, therefore, primarily reflect the combined effects of analytical uncertainty and 
inaccuracy/imprecision of the micromill operator in tracing annual increment boundaries.  If 
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variability within analytical uncertainty cannot be achieved, we would suspect that sampling 
error is a significant contributor to observed unexpected variability in isotope records.  
Furthermore, because analysis of sample splits is not influenced by inaccuary/imprecision of 
the sampler, average difference between sample splits is expected to be well within analytical 
uncertainty and analogous to the ideal scenario for reproducing what should be nearly 
identical isotope records. 
Average differences (Tables 2 and 3) between GoM_C sample splits (intra-sample) 
for both δ13C (0.091‰) and δ18O (0.098‰) are much lower than the mean differences 
between NOR splits (intra-sample; δ13C = 0.169‰, δ18O = 0.281‰), NOR replicates (intra-
shell; δ13C = 0.126‰, δ18O = 0.332‰), and GoM_JP replicates (intra-shell; δ13C = 0.120‰, 
δ18O = 0.265‰).  Although the average differences between sample replicates for both 
GoM_JP and NOR shells are less than 2σ analytical precision for both δ13C and δ18O, several 
replicate pairs fall outside the ±2σ range; one of 75 pairs (1.3%) of δ13C replicates and 13 of 
75 pairs (17.3%) of δ18O replicates did not have overlapping 2σ analytical error bars (Fig. 
3B).  Mean differences between sample splits of the NOR shells for both δ13C and δ18O are 
comparable to mean differences between sample replicates of the NOR and GoM_JP shells 
(Table 3).  We hypothesize that inherent isotopic heterogeneity in carbonate material 
precipitated in environments with seasonally varying water properties (temperature, δ18Owater, 
and δ13CDissolved inorganic carbon (DIC)) plays a larger role in unexpected variability in isotopic 
measurements than imprecision in micromilling or other sample processing artifacts because 
1) the performance of sample splits from the temperature-controlled population (GoM_C) is 
better than that of sample splits from the natural population (NOR) and 2) the performance of 
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sample splits from the natural population (NOR) is comparable to that of sample replicates 
from both natural populations (NOR and GoM_JP).   
 
Inter-shell comparisons 
We would also expect near identical isotope records between shells (inter-shell) 
because all individuals experienced the same environmental conditions within their local 
growing environments.  Inter-shell comparison provides a more realistic scenario relevant to 
producing isotope proxy time series, as researchers typically only sample a subset of the shell 
collection due to time, cost, and sample constraints.  Multiple shells from the same 
population are often used to build a lengthy record, with overlap of shell isotope time series 
(i.e., replication) where sample availability and quality allow or where intentionally 
performed (e.g., Mette et al., 2017; Reynolds et al., 2016).  Isotopic variability between shells 
should primarily reflect the combined effects of analytical uncertainty and 
inaccuracy/imprecision of the micromill operator in tracing annual increment boundaries.  
However, inter-shell isotopic variability may be more susceptible to other potential sources 
of noise, including differences in growing season among individuals or to spatial 
heterogeneity of water properties if the site is near freshwater input or other dynamical 
factors such as frontal boundaries. 
The average inter-shell difference (residual from baseline, Table 4) in δ13C for the 
GoM_JP shells (0.294‰) was larger than that of the NOR shells (0.119‰) and of analytical 
uncertainty (0.167‰).  Overall, 31 of the 60 GoM_JP samples (35%) and only one of the 60 
NOR samples (2%) did not have overlapping ±2σ error bars with the group average.  While 
larger than expected variability in δ13C for GoM_C shells (0.653‰) may be attributed to 
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vital effects associated with ontogeny (previously discussed), larger than expected δ13C 
variability for GoM_JP shells is more difficult to explain, especially considering the better 
overall performance of the NOR inter-shell replicates, which are ontogenetically older than 
the GoM_C shells but much younger than the GoM_JP shells (Table 1).  These findings 
highlight the complexity in the carbon isotopic system and warrant further research.  The 
average inter-shell δ18O difference (residual from baseline; Table 4) for the GoM_JP shells 
(0.196‰) and NOR shells (0.175‰) were both within analytical uncertainty (0.302‰).  
Overall, 1 of the 60 GoM_JP samples (2%) and two of the 60 NOR samples (3%) did not 
have overlapping ±2σ error bars with the group average.  Because inter-shell replication 
performed within analytical uncertainty (with the exception of GoM_JP δ13C measurements), 
we cannot detect the influence of imprecision in micromilling or other sample processing 
artifacts on unexpected variability in isotopic measurements. 
 
Population-specific influences on isotopic signature 
As previously discussed, the significantly greater mean difference between NOR 
splits (0.169‰ for δ13C and 0.281‰ for δ18O) compared to GoM_C splits (0.091‰ for δ13C 
and 0.098‰ for δ18O) likely reflects the differences between biomineralization in a naturally 
variable (noisy) environment compared to biomineralization in a highly controlled 
environment.  The isotopic range preserved within annual increments in any shell population 
reflects the annual range of water properties in the growing environment.  δ13CDIC  and 
δ13Cfood are the primary controls on δ13Ccarbonate, however, annual ranges of these parameters 
in the NOR and GoM_JP growing environments are currently unknown.  Monthly seawater 
temperatures in the NOR environment average between 2.9 °C and 10.7 °C (seasonal range 
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of 7.8°C; measured in situ from 2012-2016).  Monthly δ18Owater values average between -
0.13‰ and -0.43‰ (seasonal range of 0.30‰; based on salinity measured in situ and 
translated to δ18Owater using a local mixing relationship developed by Mette et al., 2016).  
Unpublished data for NOR shells associated with the Mette et al. (2016) study show an 
average subannual range of 0.93‰ for δ13Ccarbonate and 1.37‰ for δ18Ocarbonate (based on 10 
years of eight samples per year; δ18Ocarbonate equivalent to 5.94 °C if δ18Owater variations are 
negligible).  Similar subannual isotopic ranges have not yet been established for the GOM_JP 
shells.  However, instrumental data from the NERACOOS Buoy I (representing the nearest 
available data at depth; http://gyre.umeoce.maine.edu/) indicate monthly seawater 
temperatures averaging 2.54 °C to 11.91°C (seasonal range of 9.37 °C; measured at 50 m 
depth from 2002-2016).  Monthly δ18Owater values average between -1.22‰ and -0.80‰ 
(seasonal range of 0.42‰; based on salinity measured in situ and translated to δ18Owater using 
a local mixing relationship developed in Whitney et al., 2017).  Although these temperature 
and salinity ranges likely differ slightly from those in the GoM_JP growing environment (60 
km northeast of the NERACOOS Buoy at 80 m depth), we predict an average annual range 
in δ18Ocarbonate of less than 2.74‰ (calculated using the seasonal average temperature and 
δ18Owater ranges with Equation 1).  As shown for the NOR population and predicted for the 
GoM_JP population, the range of δ18Ocarbonate recorded in the shell material (1.37‰ for NOR 
and <2.74‰ for GoM_JP), while subject to bias and potential dampening of the full seasonal 
temperature range, is much larger than analytical uncertainty.  Therefore, inherent seasonal 
variability in water properties imparts an isotopic signal within the annual shell sample that 
contributes to variability between sample splits as well as between inter- and intra-shell 
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replicates from natural populations (NOR and GoM_JP) larger than that of the temperature 
controlled samples (GoM_C). 
Another factor that may influence inter-shell variability in isotope records is 
differences in growing season among individuals within a population.  If the growing season 
commences several weeks earlier in the spring for some individuals, the shell material 
accumulated during that time would record higher δ18O values (e.g., colder temperatures) and 
potentially biased δ13C values.  In addition, if shell growth rates throughout the year were 
variable within a population (perhaps due to reproductive or other metabolic demands), we 
would also expect some potential bias in isotope records.  However, because inter-shell 
replication performed similarly to sample splits, we may cautiously hypothesize that variable 
growing seasons are not largely influencing unexpected isotopic variability.  Recent work by 
Ballesta-Artero et al. (2017) suggests, indeed, that shells from the NOR population record the 
same gaping activity patterns throughout the year, strongly indicating similar growing 
seasons between individuals. 
 
Potential Isotopic Biases during Measurement 
Another possible source of “unexpected” variability between both sample replicates 
and sample splits is oxygen isotope fractionation occurring during phosphoric acid digestion 
of the carbonate material to form gaseous CO2, necessary for isotopic analysis using mass 
spectrometry (McCrea, 1950).  Isotopic fractionation occurs due to incomplete transfer of the 
oxygen in the solid carbonate to CO2.  This fractionation results in the CO2 product having a 
higher δ18O than the original carbonate (Kim et al., 2007).  Such fractionation does not 
theoretically occur with carbon isotopes because all the carbon in the carbonate is completely 
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transformed into CO2 (Kim and O'Neil, 1997).  While this fractionation is presumably 
accounted for by the use of standards and the inclusion of a temperature dependent 
fractionation factor during isotopic analysis (Kim et al., 2007), the isotopic standards and 
associated fractionation factors are based on calcitic materials.  Because no community-
recognized aragonitic standards currently exist, the fractionation occurring during acid 
digestion may not be fully accounted for (Kim et al., 2015).  However, while all samples 
processed for this study underwent acid digestion, the GoM_C shells had significantly lower 
average differences in sample splits for both δ13C and δ18O than the shells collected from 
natural environments.  This strongly indicates that acid digestion is likely not the cause of the 
“unexpected” variability. 
 
Conclusions  
Large variability in carbon and oxygen isotopic measurements was measured among 
contemporaneously produced carbonate material for each of two natural populations.  
Variability between sample splits (i.e., single samples split into two analyses), was found to 
be larger than expected, and importantly, comparable to that of inter-shell and intra-shell 
replicates.  Although these analyses showed variability larger than that of long-term 
analytical precision, most analyses were generally within the maximum estimate of analytical 
uncertainty used in this study.  Variability in δ18O composition of shells grown in a 
temperature-controlled environment, however, was found to be well within long-term 
analytical precision of the mass spectrometer and substantially lower than the estimate of 
analytical uncertainty used in this study.  Between individuals, the 3-year-old cultured shells 
were more variable in δ13C composition, suggesting vital effects during early ontogeny. 
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Our results suggest variability in individual growing season, inaccuracy/imprecision 
in micromilling, and oxygen isotope fractionation/exchange during acid digestion are not 
significant contributors to “unexpected” isotopic variability among replicated aragonite 
samples from A. islandica.  Heterogeneity in the sample shell powder due to large seasonal 
variability in seawater temperature and δ13CDIC is likely the primary source of the unexpected 
variability. 
Analysis of the GOM_C cultured shells suggests that sample replication of two to 
three shells is adequate for δ18O thermometry; however an optimal sample size was found at 
four shells.  These results were generated from an ideal culture experiment, thus more 
replication may be needed when producing isotope records from natural populations.  The 
δ13C data from the culture experiment showed greater than expected variability, likely due to 
vital effects associated with ontogeny; therefore, δ13C data from juvenile A. islandica 
individuals must be used with caution. 
 
Recommendations 
 While significant advances in analytical precision and proxy methods have been 
made to reduce error in isotopic measurement of carbonate archives, the natural variability in 
such archives should not go unreported.  Isotopic replication should be performed in 
environments specific to each study to contribute to community-wide understanding of 
isotopic variability among contemporaneously produced biogenic carbonates.  Thus far, 
δ18Oaragonite records from A. islandica show 2σ variability for replicates ranging from 0.32‰ 
to 0.42‰ (Mette et al., 2016; Reynolds et al., 2016; Whitney et al., unpublished).  We 
suggest the use of larger error estimates than the typically reported long-term analytical 
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uncertainty (often about ±0.20‰ at 2σ) when presenting δ18Oaragonite records, especially from 
A. islandica.  Based on the results from this work and from the developing literature on this 
topic, we suggest that a minimum error of ± 0.32‰ be used in the rare case that replication is 
not possible.  When considered in the context of the published δ18Oaragonite record from Mette 
et al., 2016 (Fig. 5), even when the larger range of uncertainty (± 0.32‰) is plotted, 
detectable potential climate signals are still apparent and significant. 
 
Figure 3-5 δ18O record from A. islandica shells of northern Norway from Mette et al. (2016).  Dark grey area 
represents original reported error as that of analytical uncertainty (±0.20‰; long-term analytical precision).  
Light grey area represents larger estimate of error (±0.32‰) that also includes the estimate of natural variability 
within the archive as discussed in the present study. 
 
Although it is not yet commonplace to replicate geochemical records in 
paleoclimatology, we suggest replication is an essential step toward providing well-
constrained and robust data, allowing users to quantify total uncertainty in reconstructions.  
Although it would be ideal to replicate all δ18O measurements with a minimum of four shells, 
it is unlikely that this is feasible due to cost, material, and time constraints.  However, 
periodic replication throughout a time-series where availability of material suitable for 
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sampling allows may prove adequate.  Our results indicate that substantial benefits in 
reducing proxy noise occurred with two to three replicates from contemporaneous samples.  
After four replicate samples, there was no substantial improvement in proxy noise reduction.  
Additionally, all errors associated with proxy reconstructions should be propagated.  These 
generally include analytical uncertainties, transfer functions and their uncertainties (for 
example, Grossman and Ku, 1986), and natural variability within a proxy archive as noted in 
this study. 
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Supplementary Information 
Table S1 Isotopic measurements from 37 shells from the GoM_C shell population.  Temperature estimates 
were obtained using the modified Grossman and Ku (1986) temperature transfer function with δ18Owater = -
1.454‰ (estimated using a Gulf of Maine salinity-isotope mixing line and 9-day average salinity of 31.68 
during the growth period). 
ID 
δ13C 
Split 1 
δ13C 
Split 2 
δ13C 
Mean 
δ18O 
Split 1 
Tδ18O (°C) 
Split 1 
δ18O 
Split 2 
Tδ18O (°C) 
Split 2 
δ18O 
Mean 
Tδ18O (°C) 
Mean 
TC10 1.701 1.770 1.735 -0.479 15.20 -0.411 14.90 -0.445 15.05
TC11 2.131 N/A 2.131 -0.456 15.10 - - -0.456 15.10
TC12 2.073 2.122 2.098 -0.582 15.64 -0.518 15.36 -0.550 15.50
TC13 1.626 1.554 1.590 -0.471 15.16 -0.450 15.07 -0.460 15.12
TC14 2.130 2.080 2.105 -0.574 15.61 -0.464 15.13 -0.519 15.37
TC15 2.002 2.281 2.141 -0.417 14.93 -0.210 14.03 -0.314 14.48
TC16 1.530 1.719 1.624 -0.149 13.76 -0.196 13.97 -0.172 13.87
TC17 0.994 0.974 0.984 -0.524 15.39 -0.524 15.39 -0.524 15.39
TC18 2.240 2.145 2.192 -0.355 14.66 -0.309 14.46 -0.332 14.56
TC19 1.876 1.820 1.848 -0.255 14.22 -0.310 14.47 -0.283 14.34
TC20 1.622 1.571 1.596 -0.235 14.14 -0.278 14.32 -0.256 14.23
TC21 2.204 2.272 2.238 -0.146 13.75 -0.069 13.42 -0.107 13.58
TC22 1.773 1.802 1.788 -0.514 15.35 -0.259 14.24 -0.387 14.80
TC23 2.177 2.048 2.113 -0.378 14.76 -0.283 14.35 -0.331 14.55
TC24 2.343 2.295 2.319 -0.403 14.87 -0.271 14.29 -0.337 14.58
TC25 2.175 2.086 2.131 -0.466 15.14 -0.531 15.42 -0.499 15.28
TC26 1.807 1.943 1.875 -0.706 16.18 -0.604 15.74 -0.655 15.96
TC27 1.864 1.829 1.847 -0.536 15.44 -0.509 15.33 -0.523 15.39
TC28 2.438 2.284 2.361 -0.442 15.04 -0.674 16.04 -0.558 15.54
TC29 2.031 2.133 2.082 -0.822 16.69 -0.520 15.38 -0.671 16.03
TC30 2.120 2.219 2.169 -0.233 14.13 -0.094 13.52 -0.163 13.83
TC31 1.902 1.861 1.881 -0.344 14.61 -0.331 14.56 -0.337 14.58
TC32 1.788 1.820 1.804 -0.273 14.30 -0.202 13.99 -0.237 14.15
TC33 2.191 2.271 2.231 -0.316 14.49 -0.153 13.78 -0.234 14.14
TC34 1.690 1.730 1.710 -0.200 13.99 -0.044 13.31 -0.122 13.65
TC35 1.690 1.740 1.715 -0.396 14.84 -0.312 14.47 -0.354 14.65
TC36 2.247 2.222 2.235 -0.257 14.23 -0.398 14.85 -0.328 14.54
TC37 2.107 2.207 2.157 -0.281 14.34 -0.341 14.60 -0.311 14.47
TC38 2.056 1.986 2.021 -0.288 14.37 -0.291 14.38 -0.290 14.37
TC39 1.922 1.960 1.941 -0.284 14.35 -0.444 15.05 -0.364 14.70
TC40 1.425 1.334 1.379 -0.266 14.27 -0.324 14.53 -0.295 14.40
TC41 1.736 1.942 1.839 -0.477 15.19 -0.378 14.76 -0.427 14.97
TC42 1.515 1.672 1.594 -0.273 14.30 -0.228 14.11 -0.251 14.21
TC43 2.232 2.139 2.185 -0.304 14.44 -0.333 14.56 -0.318 14.50
TC44 2.239 2.091 2.165 -0.249 14.20 -0.449 15.07 -0.349 14.63
TC45 0.891 1.130 1.011 -0.440 15.03 -0.367 14.71 -0.404 14.87
TC46 1.999 2.042 2.021 -0.349 14.63 -0.433 15.00 -0.391 14.82
Mean 1.905 1.919 1.915 -0.382 14.776 -0.348 14.626 -0.366 14.708 
2σ 0.688 0.639 0.653 0.298 1.295 0.295 1.280 0.271 1.178
Range 1.547 1.321 1.377 0.676 2.936 0.630 2.735 0.564 2.448
Min 0.891 0.974 0.984 -0.822 13.751 -0.674 13.308 -0.671 13.523
Max 2.438 2.295 2.361 -0.146 16.687 -0.044 16.044 -0.107 15.971
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Figure S1 Isotopic measurements from outside (and including) the common period of measurement for NOR 
shells.  Error bars on points represent analytical uncertainty associated with the instrumental run (batch) in 
which each sample was analyzed. 
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Figure S2 Isotopic measurements of split samples.  Only samples which contain one or more split analyses are 
shown, with the mean among splits represented by the black bar.  Error bars around the mean represent the ±
2σ analytical uncertainty for δ13C = 0.167‰ and δ18O = 0.302‰. 
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CHAPTER 4.    SHELL-BASED PROXY RECORDS FROM NORTHERN NORWAY 
SUGGEST PERSISTENT MULTIDECADAL VARIABILITY AND INCREASED 
ATLANTIC WATER INFLOW TO THE BARENTS SEA OVER THE PAST FIVE 
CENTURIES 
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Abstract 
High resolution proxy records provide valuable insight to interactions between 
multidecadal variability in North Atlantic sea surface temperatures, decadal-scale variability 
in atmospheric patterns, and annual- to millennial-scale variability in overturning circulation 
modes that significantly impact North Atlantic climate over decades to centuries.  We 
constructed a 455-year record of shell growth from the marine bivalve, Arctica islandica, 
from coastal northern Norway, a location sensitive to large-scale North Atlantic marine 
variability.  An oxygen isotope record was collected from cross-dated growth increments 
over three time periods of the last 500 years, including intervals in the Little Ice Age, the late 
Little Ice Age, and the Modern Climate Period.  Spectral analysis of the shell growth and 
isotope records supports evidence for persistent multidecadal variability in North Atlantic sea 
surface temperatures over the past several centuries, with dominant periods identified in both 
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records at the  ~60 year band, perhaps reflecting the Atlantic Multidecadal Oscillation.  A 
decreasing trend in δ18Oshell over the past five centuries suggests an overall ocean warming of 
the southern Barents Sea region, likely linked with increased volume or temperature of 
Atlantic Water.  This hypothesis is supported by high correlations with coastal records of 
seawater temperature, salinity, and density. Comparison of the records with other North 
Atlantic marine proxies showed few similarities, other than the general warming trend of the 
past few centuries.  
 
Introduction 
The North Atlantic Ocean plays a key role in modulating global climate (Marshall et 
al., 2011).  Surface currents of the North Atlantic, including the Gulf Stream and North 
Atlantic Current, bring relatively warm, salty waters northward as the surface components of 
the Atlantic Meridional Overturning Circulation (AMOC).  At higher latitudes, these waters 
exchange heat with the atmosphere and cool to form dense, sinking water masses (deep-water 
formation) that return southward, contributing to global ocean circulation (Rahmstorf, 2002).  
The strength and structure of these currents, the rate of deep-water production, and ocean-
atmosphere interactions across the North Atlantic have influenced major climate events and 
transitions across the Late Holocene (Lund et al., 2006).  For example, the Little Ice Age (CE 
1400-1850), primarily driven by solar and volcanic forcing (Crowley, 2000), may have been 
amplified by a weakened Gulf Stream and North Atlantic Current over this time period (Lund 
et al., 2006; Wanamaker et al., 2012).  In the Modern Climate period (post-1850), increasing 
temperature and flow of North Atlantic surface currents into the Arctic Ocean have 
contributed to recent sea ice loss and air temperature increase in this climatically sensitive 
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zone (Drange et al., 2005; Kinnard et al., 2011; Årthun et al., 2012).  In order to better 
predict future climate changes, much focus has recently been placed on improving 
understanding of past and present interactions between multidecadal variability in North 
Atlantic sea surface temperatures (Atlantic Multidecadal Oscillation; AMO), decadal-scale 
variability in atmospheric patterns (North Atlantic Oscillation; NAO), and annual- to 
millennial-scale variability in overturning circulation (AMOC), modes that significantly 
impact North Atlantic climate over decades to centuries (Jones et al., 2009; Kinnard et al., 
2011).   
Much of what is known about past ocean circulation is inferred through interpretation 
of proxy records, naturally occurring archives of environmental change such as tree-rings, ice 
cores, cave deposits, corals, etc.  Annually resolved marine proxy records, especially those 
from high-latitude environments, however, are exceedingly rare (Jones et al., 2009).  This 
gap in the literature leads to uncertainty regarding changes in ocean dynamics across major 
climate transitions in key regions of the North Atlantic Ocean.  Atmospheric-based proxies 
are often used to infer sea surface temperatures (Gray et al., 2004; Mann et al., 2009; Wang 
et al., 2017), a problematic approach considering the complex interactions between ocean 
and atmosphere and potential instability in the proxy to climate-variable relationship.  
Developments in the field of sclerochronology (the study of accretionary hard tissues of 
organisms and the temporal context in which they form) have provided an additional avenue 
for understanding marine paleoclimate variability.  To this end, we employ the long-lived 
marine bivalve, Arctica islandica, to construct annually resolved, multi-century century shell 
growth and geochemical records from modern to medieval times off northern Norway to 
better understand variability in marine climate across major climate transitions of the past 
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millennium, and consider the role of the strength of the North Cape Current (the Barents Sea 
branch of the North Atlantic Current, a northern surface component of AMOC).  The records 
are also compared with other northern North Atlantic proxies of differing resolution and 
climate sensitivity to produce a more detailed understanding of ocean climate dynamics and 
interactions over the past several centuries. Our central hypothesis is that multidecadal 
variability, akin to the AMO, was persistent in northern Norway throughout the late 
Holocene. 
 
Study Location 
Ingøya is a small island off northern Norway, strategically located for studying 
marine climate and ocean circulation dynamics (Figure 1).  The North Atlantic Current, a 
major surface component of AMOC, flows northward along Norway before bifurcating into 
two main pathways as it approaches the Barents Sea (Schauer et al., 2002).  The West 
Spitsbergen Current continues northward directly toward the Arctic Ocean, while the North 
Cape Current (or Barents Sea Branch) follows deeper contours east-southeast towards Ingøya 
before continuing to the interior Barents Sea (Yashayaev and Seidov, 2015).  A shallow (6m) 
bay on Ingøya contains a dense population of living A. islandica and abundant dead shells on 
raised beaches dating to 7k BP (uncalibrated 14C ages).  Previous work suggests shell growth 
and geochemical records from this bay reflect large-scale North Atlantic SST for the modern 
period and have potential to reveal dynamics of the North Atlantic Current system (Mette et 
al., 2016). 
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Figure 4-1 Topography and circulation of the Nordic and Barents Seas reproduced from Yashayaev and Seidov 
(2015).  The colored dots indicate locations of temperature and salinity profiles collected during 1947–2013 at 
six composite hydrographic sections crossing the Atlantic Water throughflow. Each profile location is colored 
according to its distance from a reference (0 km) point set somewhere near the coastline on the same section.  
The study site for the present study, Ingøya, is noted by a gold star. 
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Methods 
Sample collection and preparation  
Living and dead specimens of A. islandica were collected from a shallow bay (6 m 
depth) on the eastern side of Ingøya (71°03.734’N, 24°05.895’E).  All samples were 
collected within a 1 km2 area in June-2009, May-2013, August-2014, and June-2015 using a 
small bespoke dredge.  Additional dead specimens were hand-collected on the beach at the 
head of the bay.  Soft tissues were removed and shells were washed prior to open-air drying.  
Further processing of shell material for visual analysis, growth increment measurement and 
crossdating, and geochemical sampling followed standard sclerochronological procedures, 
extending the previously published chronology of Mette et al. (2016) that spanned 132 years 
(for more details about sample processing and crossdating, see Mette et al., 2016). The 
master shell growth chronology was constructed using the software program ARSTAN 
(Cook, 1985).  Individual detrended growth series were calculated by removing the first 30 
(juvenile) growth increments, applying an adaptive power transformation, and obtaining 
residuals from a negative exponential curve fit to each series to produce indexed and 
normalized values for shell growth termed the shell growth index (SGI; also see Butler et al., 
2010). 
 
Isotopic analysis  
Stable carbon and oxygen isotope analyses were performed at Iowa State University’s 
(ISU) Stable Isotope Laboratory in the Department of Geological and Atmospheric Sciences.  
Carbonate samples were collected using a Merchantek micromill with a Leica GZ6 
microscope.  Annual increments were milled from the outer margin of the shell to a depth of 
200–800 µm using Brasseler USAV scriber point (item #H1621.11.008) and round (item 
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#H52.11.003) carbide drill bits with the typical settings of 100% drill speed, 3-4 passes at 
55µm/sec scan speed, 100-150 µm depth per pass, and 55 µm plunge speed.  All micromilled 
samples were analyzed for δ18O and δ13C using a ThermoFinnigan Delta Plus XL mass 
spectrometer coupled with a GasBench II and CombiPal autosampler.  The long-term 
precision of the mass spectrometer is ±0.18‰ for δ18O and ±0.12‰ (2 sigma standard 
deviation) for δ13C, respectively.  
 
Statistical methods  
To further assess persistent patterns in shell growth, we also used two independent 
techniques of spectral analyses: wavelet analysis (Torrence and Compo, 1998) and the multi 
taper method (MTM; Thompson 1982, Mann and Lees, 1996). Each technique offers distinct 
advantages over traditional Blackman-Tukey analysis, which is susceptible to aliasing and 
requires several window lengths to extract dominant frequencies, and Fourier transforms, 
which are ineffective on non-stationary time series. Wavelet analysis decomposes a time-
series into time-frequency space, which allows one to visualize dominant modes of 
variability and how those modes vary through time (Torrence and Compo, 1998). Further, 
wavelet transforms can be used to evaluate time-series that are non-stationary and contain a 
variety of frequencies (Daubechies, 1990). MTM is a refined Fourier-based analysis that 
offers better resolution and decreased spectral leakage (Thompson, 1982).  Spectral power 
measured using these techniques was tested for significance at the 95% significance level 
relative to a red noise background (AR1). 
Linear relationships and shared variance between shell records and environmental 
indices were evaluated using the Pearson correlation coefficient (r) and coefficient of 
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determination (r2), respectively.  ANOVA followed by Tukey’s “Honest Significant 
Difference” test was performed in R to test for significance of differences in means.  A 30-
year lowess filter was applied to the shell records for graphical representation and for 
correlation with other smoothed records where specified. 
To create a single δ18Oshell series, annual measurements were averaged among shells 
where replication occurred.  Data from years prior to 1500 AD do not have an absolute age 
associated with them due to the limited length of the cross-dated chronology.  These data are 
placed in time based on their calibrated radiocarbon age and can be considered “floating” in 
time.  The uncross-dated series are likely within ~90 years of their true positions, based on 
preliminary analysis of local variability in the region’s radiocarbon reservoir age offset.  
Correlations with instrumental records and other proxy records with better-established age 
control are therefore limited to post-1500 AD. 
 
Results 
Master Shell Growth Chronology 
The shell growth chronology (Figure 2) contains measurement series from 34 
individuals (10 live caught and 24 dead collected shells).  Ages of the individuals included in 
the chronology averaged 210 years, ranging from 84 to 361 years, representing the longest-
lived individual ever found at Ingøya.  Mean series length from 1555-2012 measured 105 
years with the average of 12 shells.  Mean Expressed Population Signal (EPS) and interseries 
correlation (rbar) measured 0.89 and 0.46, respectively.  
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Figure 4-2 δ18Oshell and cross-dated shell growth chronology from Ingøya .  Isotope series for individual shells 
(lightest blue), annually averaged across shells (medium blue), 30-year lowess filter (dark blue), and respective 
means (shaded dark blue bar) for periods of interest are shown, with the mean measurement of the entire series 
depicted as a dashed line (δ18Oshell=3.02‰).  Light blue shaded region  around the smoothed data represents 
2sigma uncertainty estimate of ±0.32‰ (Mette et al., in revision).  Note inverted axis of the δ18O scale.  The 
shell growth chronology is shown as annual indexed values (SGI = shell growth index) for individual shell 
series (grey), the standard chronology (thin black), and a 30-year lowess filter (thick black). 
 
Oxygen Isotopes 
The δ18Oshell series (Figure 2) contains isotopic measurements from 27 individuals.  
The longest series collected from a single individual spans 120 years (1539-1659), with all 
other single measurement series ranging from 3 to 54 years.  Average δ18Oshell across all 
measurements was 3.02‰.  Two, suspiciously high δ18Oshell measurements (~5‰) from shell 
“DC_B1_1,” radiocarbon dated to ~1000 AD, were removed.  Inspection of the shell surface 
prior to sampling noted slight discoloration (purplish grey), which may indicate some 
alteration of the original carbonate had occurred and a possible explanation for the outlier 
values.  Mean δ18Oshell for periods indicated in Figure 2 were 3.23‰, 3.14‰, and 2.98‰ for 
the LIA, Late LIA, and Modern periods, respectively (Table 1). 
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Table 4-1 Summary statistics for δ18Oshell over periods of interest. 
Time 
period n years 
δ18Oshell 
mean 
δ18Oshell trend 
(centennial) 
LIA 133 3.23 0.11 ‰ 
Late LIA 60 3.14 -0.32 ‰ 
Modern 121 2.98 -0.38 ‰ 
 
 
Dominant Periods 
The shell growth record showed dominant periodicities at 2.7 years, 2.9 years, and 64 
years using the MTM (Figure 3).  The wavelet transform showed persistent ~64 year 
periodicity throughout the record, however, the shorter bands (2.7 and 2.9) were intermittent 
and weakly expressed. 
 
Figure 4-3 Spectral analysis of the northern Norway shell growth chronology using MTM (left) and continuous 
wavelet transform (right) .  The single power spectrum shows frequencies exceeding a red noise background 
(AR1; grey line) at the 95% significance level with the corresponding period (in years).  The area below the 
cone-shaped boundary (right) represents parts of the spectrum susceptible to edge-effects where distortion of the 
spectrum may occur. The thick black contour designates the 5% significance level against red noise. 
 
Spectral analysis of the three longest δ18Oshell series using MTM identified significant 
periodicities at the 2.2 and 60 year bands for the LIA, 2.3, 2.8, and 5.3 year band for the late 
LIA, and a 3.1 year band for the Modern period (Figure 4).  Wavelet analysis showed few 
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periodicities persistent through time at high power with the exception of the 32 year band for 
the Modern period and a ~3 year band for the LIA. 
 
Figure 4-4 Spectral analysis of the northern Norway δ18Oshell from the Little Ice Age, Late Little Ice Age, and 
Modern climate periods using MTM .  Frequencies exceeding a red noise background (AR1; grey line) at the 
95% significance level are labeled with their corresponding period (in years). 
 
Comparisons with Environmental data 
Temperature, salinity, and density records from the upper layer (10-50m depth), 
coastal zone (<100km from shore) from the BSO and Kola sections showed significant 
correlations with the shell records (Table 2).  The strongest significant correlations were 
found between the Multiproxy Index of Mette et al. (2016) and temperature at both sections 
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for both raw and detrended data.  The δ18Oshell record correlated significantly with all records 
except for BSO salinity.  The shell growth index did not correlate significantly with any of 
the coastal instrumental records.  Detrending all data, however, reduced correlations between 
δ18Oshell and SGI with the instrumental records to below significance levels. 
Table 4-2 Pearson correlation coefficients calculated between annual northern Norway shell records and BSO 
section, Kola section, and the all section coastal (<100km from shore) upper layer (10-50m depth) temperature, 
salinity, and density indices  Correlations are shown for untransformed data followed by linearly detrended data 
(1950-2012) in brackets.  Bolded correlations indicate p < 0.01.
 δ18Oshell SGI MultiAMO 
Kola Section (n = 58) 
Temperature -0.36 (-0.17) -0.09 (-0.16) -0.55 (-0.40) 
Salinity 0.34 (0.28) -0.23 (-0.24) -0.12 (-0.02) 
Density 0.49 (0.35) -0.11 (-0.08) 0.42 (0.23) 
BSO Section (n = 63) 
Temperature -0.37 (-0.18) -0.12 (-0.19) -0.56 (-0.41) 
Salinity 0.27 (0.12) -0.16 (-0.14) 0.16 (-0.03) 
Density 0.40 (0.24) -0.01 (0.03) 0.45 (0.28) 
 
 
Discussion 
Spectral analysis of the shell-based records 
The shell growth chronology from northern Norway, spanning 455 years, represents 
the third longest cross-dated record of shell growth increments currently available.  Its 
exceptional length provides ample opportunity for investigating past climate periods through 
identifying forcing-scale periodicities within the dataset, comparing the record with other 
proxy records, and collecting an absolutely dated oxygen isotope record using the established 
age model. During chronology construction, the detrending methods used to remove 
ontogenetic growth trends in individual series results in preservation of the lowest signal 
frequencies at ~1/3 the length of the chronology (i.e., the “segment length curse;” Cook et al., 
1995).  For the updated northern Norway chronology presented in this work, this equates to 
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~152 years, well within the range of many North Atlantic climate patterns and forcings, as 
well as other NA climate proxy records (Table 3). 
Table 4-3 Dominant periodicities determined from spectral properties of relevant instrumental and proxy time 
series in the North Atlantic.  *Estimates taken from the literature are for NAO (Gamez-Fortis et al., 2002), solar 
activity (USGS), proxy AMO (Gray et al., 2004), N Iceland shell growth index (Butler et al., 2013), and NW 
Scotland shell growth combined with 18Oforam (Reynolds et al., 2013).  All other estimates are obtained by 
preliminary analysis using MTM and do not represent a comprehensive investigation of spectral characteristics.
 Resolution 
Record  
Length (yrs) 
Dominant  
Periodicities (yrs) 
Instrumental Indices    
AMO (Drinkwater et al., 2013) annual 137 68.5 (40-80) 
AMOC annual  - (record too short) 
NAO (winter)* annual 124 4.8, 7.7 
NAO (station-based; CRU) annual  7.6 
Solar activity* various >400 11, 88, 208 
Proxy Indices    
AMO (Gray et al., 2004)* annual 423 42.7 
AMO (Mann et al., 2009) decadal 137 78.8, 53.2, 3.4, 3.2, 2.4, 2.3, 2.1 
N Iceland δ18Oshell (Reynolds et al., 2016) annual 1048 70.6, 41, 5.3, 3.7, 3.5 
N Iceland SGI (Butler et al., 2013)* annual 1357 2.7, 49, 205 
NW Scotland SGI+δ18Oforam* annual+decadal 205 45.9 
 
 
Spectral analysis is a useful technique for extracting patterns (i.e., periodicities) from 
data.  By comparing the spectral characteristics of the shell growth record in frequency 
(MTM) and time frequency (CWT) space against those of red noise, significant frequencies 
(and periods) can be identified and potentially linked with possible forcing mechanisms.  The 
CWT has the advantage of analyzing spectral characteristics that may not necessarily be 
stationary in time (Grinsted et al., 2004).  Power spectra of the shell growth index (Figure 3) 
reveal dominant periodicities at 2.7, 2.9, and 64 years.  The higher frequencies (2.7 and 2.9 
years) identified through the MTM method do not appear consistent with the wavelet 
analysis.  The 64-year periodicity appears to be relatively time stable as evidenced through 
the wavelet transform (Figure 4, right). This periodicity may be associated with the AMO 
(multidecadal variability in North Atlantic Sea Surface temperatures).  Marine climate of the 
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Barents Sea is known to follow closely the dynamics of the North Atlantic, mainly through 
its connection via the North Cape Current, an extension of the North Atlantic Current 
(Levitus et al., 2009; Yashayaev et al., 2015).  Previous work has shown that annual shell 
growth rates in northern Norway are strongly correlated with the AMO over the instrumental 
period, especially when combined with annual shell isotope values (Mette et al., 2016).  Due 
to sample availability, a continuous isotope record spanning the length of the chronology 
from northern Norway is not currently available. 
While lower frequencies within the chronology may be dampened through artifacts 
occurring during chronology construction, the isotope series would be unaffected by such 
effects.  The short length of each of the absolutely dated δ18Oshell series, however, limits 
signal detection to high frequencies, which may not be as useful for identifying climate-
related potential forcing signals.  Spectral analysis of the δ18Oshell record shows few 
significant periodicities (Figure 4) and surprising differences between the MTM and 
continuous wavelet transforms. The significant 5.3-year periodicity detected during the Late 
Little Ice Age is not associated with periodicity of any known climate forcings (Table 2).  
The ~60 year band identified in the MTM spectrum for the LIA is consistent with AMO-
scale variability, and conforms to previous findings of high coherence between the isotope 
record and the AMO.  While this frequency is detected by spectral analysis of the 455-year 
SGI, it is not detected in the Late LIA or Modern period isotope series, suggesting a potential 
loss of an AMO signal during these time periods.  However, this finding may be attributed to 
the discontinuous nature and relatively short isotope series. Future work should include 
filling in the gaps in the δ18Oshell record to strengthen inferences on the persistence of 
multidecadal variability.  The time periods we are able to investigate here with δ18Oshell may 
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simply be too short to capture multidecadal variability at statistical significance.  We cannot, 
at this point, falsify our hypothesis and rule out the persistence of multidecadal variability 
over the past several centuries.  Spectral characteristics of the 455-year SGI record and the 
120-year period during the LIA, as well as significant correlations between the shell records 
instrumental AMO support persistent multidecadal variability in this region for at least 450 
years. 
 
Instrumental comparisons 
Relationships between the SGI, δ18Oshell, and a Multiproxy index combining shell 
growth and δ18Oshell with instrumental measurements of environmental variability were 
previously presented in Mette et al. (2016) and briefly summarized here.  All shell records 
were found to significantly negatively correlate with a broad swath of North Atlantic sea 
surface temperatures and are maximized when combining the shell records into a Multiproxy 
Index (1982-2012; r = -0.54 to -0.90; p<0.05).  The instrumental record of AMO variability 
was significantly (p<0.001) negatively correlated with annual SGI, δ18Oshell values, and the 
Multiproxy Index (1900-2010; r=-0.55, -0.35, and -0.62 respectively; maximized at a 2 year 
lag; see Mette et al., 2016 for details).  Additionally, variability in the correlation between the 
shell records and the NAO was found to mirror variability of the AMO, suggesting possible 
instability in atmosphere-ocean coupling in the Modern period, as has been hypothesized by 
other work (Gamboa et al., 2010; Yashayaev and Seidov, 2015). 
Extensive analysis of instrumental data from multiple transects through time along 
the entire Norwegian coast was published by Yashayaev and Seidov (2015), presenting 
numerous indices for SST, salinity, and seawater density at various spatial and depth scales.  
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Additionally, the authors dynamically connected coastal to offshore water property trends 
and transit times to construct estimates of North Atlantic and North Cape Current transport 
strength through time.  Given the lack of comparable instrumental records in the literature, 
these data, especially from the Barents Sea Opening (BSO) and Kola sections, are extremely 
valuable to northern Norwegian and North Atlantic proxy comparisons and calibration.  
Correlations between the coastal instrumental records and the northern Norway shell-
based records (Table 2) show strong coherence with marine environmental conditions 
averaged across the Kola section and the BSO section (see Figure 1).  Significant negative 
correlations between δ18Oshell and temperature for the BSO and Kola sections follow previous 
findings of a strong temperature signal in δ18Oshell with the expected, inverse relationship 
with carbonate isotope values.  Increasing volume or temperature of North Atlantic water to 
the region may, therefore, be detectable from the δ18Oshell record.  However, positive 
correlations between δ18Oshell and salinity at the Kola section may seem at first order to 
threaten this potential.  A positive relationship between δ18Oshell and seawater salinity is 
typical as more saline waters usually exhibit higher δ18Owater values.  We may, therefore, 
expect that increasing flow the North Cape Current would bring more saline Atlantic water to 
the region (Carmack et al., 2015), acting to increase δ18Owater and therefore, δ18Oshell values.  
As discussed above, however, increasing flow of the North Cape Current would bring more 
warm Atlantic water to the region as well, acting to decrease δ18Owater and therefore, δ18Oshell 
values.  Increasing temperature and increasing salinity associated with potentially increasing 
Atlantic flow would play competing roles on δ18Oshell values.  This begs further examination 
of the relationships between temperature, salinity, and shell records over coastal northern 
Norway. 
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In their work, Yashayaev and Seidov (2015) strongly emphasized the decoupling of 
temperature and salinity anomalies as Atlantic Water moves towards the Barents Sea.  In 
fact, temperature was found to be weakly negatively correlated with salinity at both of the 
northern sections (BSO r=-0.19, Kola r=-0.15).  This renders the competing influences of 
temperature and salinity on δ18Oshell less impactful in this region.  It also helps explain the 
improved performance in correlation between δ18Oshell and seawater density record at both 
stations (BSO r=0.40, Kola r=0.49; Table 2).  A recent study by Reynolds et al (2017) 
successfully employed δ18Oshell as a seawater density proxy (Reynolds et al., 2016), however, 
limited availability of instrumental records at subsurface depths weakens the dynamical 
interpretation.  In northern Norway, the records compiled by Yashayaev and Seidov (2015) 
provide robust targets for proxy calibration. 
While seawater density may be indicative of more complex marine dynamics, the 
strong coherence between shell records with local to regional temperature variability provide 
a simpler perspective of past climate variability in the region.  The Multiproxy Index, 
calibrated to the instrumental AMO, exhibits the strongest correlations with temperatures 
along the BSO (r=-0.55) and Kola sections (r=-0.56), explaining approximately 31% of the 
variability in temperature along the northern Norwegian coast.  This continues to lend 
support to the utility of the shell based records from northern Norway as temperature proxies.   
 
Long term trends in δ18Oshell 
The absolutely dated portions of the δ18Oshell record presented in Figure 2 shows a 
long term decreasing trend of 0.31‰ per century from 1539 to 2014, equating to a 
temperature change of 1.36 °C (Grossman and Ku, 1986) assuming a constant δ18Owater over 
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that time.  The mean for the Modern period (Table 3) is significantly different than the means 
for the LIA and Late LIA, which do not significantly differ (determined using ANOVA with 
post hoc Tukey HSD test).  This long term decreasing trend in δ18Oshell, suggesting long-term 
warming in the region, may be indicative of increasing Atlantic Water influence in the 
Barents Sea or a strengthening or warming North Atlantic Current, as noted by many other 
studies (Figure 5; Spielhagen et al., 2011, Hald et al., 2011; Wanamaker et al., 2012; Dijkstra 
et al., 2015, Yashayaev and Seidov, 2015, Reynolds et al., 2016).   
 
Comparison of shell-based records with NA Proxy Records 
Other North Atlantic proxies provide lengthy records for comparison with the 
northern Norway shell records (Figure 5).  The AMO reconstruction from North Atlantic 
tree-ring records from Wang et al. (2017) represents the most comprehensive and updated 
terrestrial proxy record of AMO variability available.  We consider this record over the Grey 
et al., 2004 and Mann et al., 2009 AMO records due to its inclusion of more recently added 
tree ring records and a more thorough statistical treatment.  Given the potential 
improvements in such primarily tree-ring based AMO reconstructions, however, it still 
represents a terrestrial record of marine variability and thus, is more likely to suffer from 
nonstationarity in the relationships between atmospheric or proxy response and marine 
variability.  Significant correlation between the AMO proxy with the 30-year lowess filtered 
δ18Oshell record is observed at no lag (r=-0.30, p<0.001) and maximized at lags 9-13 years 
(r=-0.44, p<0.001).  The SGI exhibits maximized correlation at lags 22-23 years (r=-0.50, 
p<0.001).  While lags of several years are anticipated when comparing Barents Sea records 
with North Atlantic records due to their “downstream” nature, the lags discussed above are 
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unusually large and likely reflect spurious low frequency coherence of smoothed time series 
dominated by long term trends. 
The North Atlantic Composite Record of Cunningham et al. (2013), representing a 
compilation of temperature-sensitive marine proxy records in the North Atlantic region, 
provides a broad scale view of northeast North Atlantic marine climate evolution over the 
past millennium.  This smoothed record (25-year Gaussian filter) highlights the dominant 
millennial trend of declining SSTs likely related to the orbitally forced, long-term decline in 
summer insolation since the Medieval Climate Anomaly.  This trend is not evident in the 
shell-based records from northern Norway and strong and significant correlations are not 
observed between the 25-year smoothed d18Oshell or SGI with the Cunningham et al. record, 
except at unusually high lags (δ18Oshell r = 0.39 maximized at lags 31-33 years; SGI r = -0.22 
maximized at lags 18-19 years), which increase significantly over the instrumental period 
(1850-1974; δ18Oshell r = 0.77 maximized at lags 29-32 years; SGI r = -0.36 maximized at lag 
0 years).  Again, unusually large lags here likely predominantly reflect spurious low 
frequency coherence of smoothed time series and are perhaps influenced by low age 
accuracy of the composite record (±50 years).  Importantly, the correlations between δ18Oshell 
and the Cunningham et al. record discussed above are positive in sign, opposite to that 
expected for temperature-dependent isotope fractionation, supporting the likelihood that 
these correlations are spurious. 
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Figure 4-5 Comparison of North Atlantic Proxy Records with northern Norway shell-based records (from 
Figure 2).  See text for details.  Note inverted axes on the δ18O scales. 
 
The sub-decadally resolved Malangen Fjord sediment record of Hald et al. (2011) 
represents one of the closest, relatively high-resolution datasets to the northern Norway shell-
based records.  The authors attribute variations in sediment core benthic foraminiferal δ18O to 
influx of Atlantic Water and highlight the gradual decreasing trend in reconstructed 
97 
 
 
temperatures as in Cunningham et al., (2013), a distinct LIA characterized by several periods 
of cooler than average temperatures, followed by rising temperatures after 1800.  Weak 
correlations at all lags between the δ18Oshell record and the Malangen Fjord δ18Oforam record 
suggests they are likely dominated by a similar decreasing trend since ~1555, which measure 
0.07‰ and 0.08‰ per century, respectively, supporting evidence for increasing North 
Atlantic Current strength or temperature through time. 
Much like our shell-based records and the Malangen Fjord record, the absolutely 
dated North Iceland A. islandica shell growth chronology of Butler et al. (2013) was 
constructed in an effort to detect variability between Atlantic and Arctic water mass 
influence and thus, potential North Atlantic surface current strength or dynamics through 
time.  While these authors did find statistically significant correlations with regional 
temperatures in the same direction as those found in Mette et al. (2016), they were low (r=-
0.2), suggesting more complex oceanographic influences on shell growth at this site and little 
power for reconstructing temperatures.  The northern Norway SGI exhibits stronger, negative 
correlations with regional instrumental SST (r = -0.54 to -0.90; Mette et al., 2016), but does 
not correlate significantly with the North Iceland shell growth index tested at lags -4 to 20 
years. 
The δ18Oshell record of Reynolds et al. (2016), the longest continuous, absolutely 
dated, annually resolved δ18Oshell record currently available, was constructed from material 
included in the Butler et al. (2013) shell growth record.  The 0.73‰ decline in δ18Oshell values 
over the past century (1882-2012) from the Iceland record compares to the 0.50‰ decline in 
δ18Oshell from the northern Norway.  Interestingly, the northern Norway δ18Oshell has a 
maximum correlation (r=0.52, p<0.01) with the North Iceland δ18Oshell record at lag 10 years.  
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Further development of the Norway δ18Oshell record will allow for more comprehensive 
analysis with the Iceland series, potentially allowing for inclusion in a proxy network of 
North Atlantic δ18O records to investigate spatial variability in marine climate. 
 
Conclusions 
The shell growth and geochemical records developed from northern Norway span 
several centuries and help elucidate climate dynamics during major climate periods of the 
last millennium, with most insight gained during the Little Ice Age period and transition into 
the Modern climate period.  These records support evidence for persistence of multidecadal 
variability in Barents Sea temperatures and increasing Atlantic Water inflow into the Barents 
Sea via the North Cape Current over the past several centuries.  Continued development of 
the oxygen isotope and shell growth records will provide nearly unparalleled perspective on 
marine environmental conditions of the past millennium. 
Furthermore, proxy records from the marine realm are commonly collected from 
sediment cores and other archives exhibiting subdecadal to multidecadal resolution.  As a 
result, current understanding of marine variability is limited to longer-term, slower-operating 
climate dynamics.  Abrupt climate changes happening within a decade, for example, tend to 
be “smoothed” over several years or decades, masking the true nature of some significant 
climatic events.  The annually resolved proxy record presented in this work can better 
illuminate the magnitude and pacing of abrupt climate changes.  Future work should aim to 
better address spatial variability in climate changes through analysis of comparable records, 
for example, the North Iceland millennial length shell growth and isotope records of Butler et 
al. (2013) and Reynolds et al. (2016).   
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CHAPTER 5.    CONCLUSIONS 
Paleoclimate proxy records reveal the behavior of various components of Earth’s 
complex climate system across major climate transitions of the past.  Development of high-
resolution, high-latitude records of climate change such as those presented in this 
dissertation, provide insight to highly sensitive regions where very few lengthy instrumental 
records exist.  These records can provide benchmarks to test climate models and better 
understand the evolution of climate forcing, feedbacks, and interactions in the past, present, 
and future.  With further development of instrumental records of AMOC strength, proxy 
records sensitive to AMOC dynamics may be robustly tested.  Recent development of 
records estimating Atlantic Water transport into the Barents Sea, such as those discussed in 
Chapter 4, will facilitate this pursuit in future work. 
The records presented in this thesis sought to investigate major climate trends of the 
past millennium through the lens of shell growth and isotope chronology from A. islandica 
shells from northern Norway.  Chapter 2 established relationships between instrumental 
records and shell-based records from northern Norway.  Shell growth rate and oxygen 
isotopic composition were found to reflect regional sea surface temperatures across a broad 
swath of the North Atlantic in a pattern mimicking the path of the North Atlantic Current, 
suggesting a causal mechanism for coherence between marine variability in northern Norway 
and North Atlantic climate, namely, the influence of the North Atlantic Current (transitioning 
into the North Cape Current) in the Barents Sea.  Statistically robust relationships were found 
between the Atlantic Multidecadal Oscillation and the shell-based MultiproxyAMO Index over 
the instrumental record, suggesting lengthy shell-based records from this location may 
skillfully reconstruct AMO variability of the past. 
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Chapter 3 explored important problems related to the quality and reproducibility of 
oxygen isotope records collected from biogenic archives.  This work has implications for 
previously published isotope records and provides a template for estimating isotopic 
variability on an individual case basis.  Future research and collection of isotopic records in 
the field of sclerochronology will benefit from the discussion of methodology and sources of 
error discussed in this paper.  Results suggest that estimates of δ18Ocarbonate proxy uncertainty 
based on instrumental precision alone likely under-represent the full range of uncertainty 
present in these systems.  
 Chapter 4 of this work presented a 455-year shell growth index coupled with δ18Oshell 
values from key climate periods of the past five centuries.  Spectral properties of the records 
suggest internal multidecadal marine variability has persisted for at least the past half 
millennium.  Additionally, the δ18Oshell record from northern Norway shows strong coherence 
with instrumental period coastal seawater density in the Barents Sea, which is largely 
modulated by North Atlantic inflow to the Barents Sea.  In agreement with other North 
Atlantic proxy records, the shell-based records suggest a recent increase in North Atlantic 
inflow to the Barents Sea over the modern period, as well as since the Little Ice Age. 
This dissertation establishes a baseline from which many other questions can be 
explored and further data collected.  Future work at Ingøya and nearby locations will 
continue to expand and strengthen the record to increase its already well-established value as 
a climate proxy.  Further study and development of the records will also permit other avenues 
of inquiry. 
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Detecting the deeper Atlantic Water signal 
The A. islandica shell material presented in this dissertation was sourced from a 
shallow-water (6m depth) population at Ingøya.  While the records developed from this 
population indeed show strong coherence with larger, regional-scale North Atlantic climate 
patterns (see Chapters 2 and 4), the influence from the Norwegian Coastal Current (NCC) 
likely overprints the records to a large extent, further evidenced by work presented in 
Chapter 4.  The NCC hugs Norway along its western coast, being characterized by faster, 
deeper, and wider flow during summer and slower, shallower, and narrower flow during the 
winter (Ingvaldsen et al., 2004).  Atlantic Water flowing parallel to the coast is found deeper 
and farther offshore of coastal Norway, however, progressive mixing between the NCC and 
Atlantic Water suppresses the front between these two water masses as they move northward 
(Loeng and Drinkwater, 2007).   
Future work should explore A. islandica shells from deeper waters near Ingøya, closer 
to the core of Atlantic Water.  Shell-based proxy records from deep water have the potential 
to be less noisy (less freshwater influence) and more representative of the variability of North 
Atlantic inflow, serving as a complement to the shallow water records.  Annual field 
campaigns from 2013 to 2016 attempted collection of shells from 200+ meters depth in order 
to pursue the development of a deep water chronology.  Using local commercial fishing boats 
and guided by seafloor sediment type and grain size data made available by the Institute for 
Marine Research, the Geological Survey of Norway, and the Mapping Authority of Norway 
(Appendix D), several attempts were made to discover populations of A. islandica farther 
offshore and/or in deeper waters near Ingøya.  In sum, to date, nine shells have been 
collected from water depth between 100-170 meters.  Beyond this depth, limitations in 
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suitable bottom-type, funding, and equipment and safety concerns restricted sampling 
opportunities.   
The deep water shells collected from Ingøya are morphometrically dissimilar to the 
shallow water shells.  Maximum height (measured from the tip of the umbo to the edge of the 
outer margin) of the deep water shells averaged 35.8 mm (n=9), with a corresponding 
average single valve mass of 3.9 g.  Shells in the same height class (30-40 mm; n=23) 
collected from shallow water had a corresponding average single valve mass of 5.8 g.  Live 
and dead-collected shells from deeper water were thinner, smaller, and lighter in color, 
qualitatively described as “less robust.”  These observations, in addition to low sampling 
success rate, imply much lower population densities than their shallow water counterparts, 
potentially due to extremely limited food quality and availability at deeper depths.  
Preliminary age estimates of the deep water live collected shells suggest these individuals 
have shorter lifespans, potentially less than 20 years.  This somewhat surprising finding 
limits the potential for chronology development.  With such little material and short 
lifespans, a multicentury shell growth chronology is presently out of reach.  Future sampling 
campaigns equipped with improved maps, dredging equipment, and sampling strategies may 
yield enough material for such an endeavor.  
 
Understanding ocean circulation through 14C reservoir age (DeltaR) 
Water masses in the world’s oceans accumulate radiocarbon (14C) through exchange 
with atmospheric CO2, which contains 14C produced through cosmic ray interaction with 
atmospheric nitrogen.  As water masses become isolated from the atmosphere, they are cut 
off from atmospheric carbon exchange, and radiocarbon content gradually depletes through 
radioactive decay.  The dilution of surface waters by older, 14C-depleted water and the delay 
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in exchange rates between atmospheric CO2 and ocean bicarbonate results in apparent 
radiocarbon age of surface ocean water averaging approximately 400 years (Mangerud, 
1972).  Understanding the isolation of water masses from the atmosphere and of regional 
upwelling and mixing of older, 14C-depleted water in different regions allows radiocarbon to 
be used as a tracer for water masses and for ocean circulation given that source waters have 
distinguishable 14C signatures.  DeltaR is the mathematical convention used to represent the 
deviation of a water’s 14C age from the modeled ocean surface mixed layer reservoir age 
(Figure 1; Marine13, Reimer et al., 2013). 
 
 
Figure 5-1 Calculation of DeltaR from known age, radiocarbon date, and the marine calibration curve 
 
Work conducted by Wanamaker et al. (2012) illustrates the utility of DeltaR 
measurements for understanding past changes in ocean circulation over the North Icelandic 
Shelf.  These researchers collected radiocarbon ages from A. islandica shell material of 
previously known age determined through cross-dating of shell growth increments, allowing 
construction of a DeltaR time series.  Low DeltaR values (0 to 50) indicated greater influence 
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of water sourced from the North Atlantic Current whereas larger DeltaR values (>150) 
indicated greater influence of water sourced from the Arctic.  DeltaR variations across major 
climate transitions over the past millennium showed evidence for a relatively strong surface 
AMOC during Medieval times, and weak AMOC during the Little Ice Age, amplifying the 
relatively warmer and cooler conditions of these times, respectively. 
Similar to the North Icelandic Shelf, the Barents Sea as a whole is influenced by 
warm, Atlantic water entering from the south and cool, Arctic water from the north 
(Yashayaev and Seidov, 2014).   These water masses may be traceable using radiocarbon 
reservoir ages as discussed above, with lower and higher DeltaR values representing greater 
influence of Atlantic water and Arctic water, respectively.  Taking a similar approach to 
Wanamaker et al. (2012; discussed above), using the established shell growth chronology at 
Ingøya to collect DeltaR measurements over the past millennium can provide additional 
insight on North Atlantic Ocean circulation over the past millennium.  A primary hypothesis 
to be investigated is strong coherence between surface AMOC conditions interpreted from 
the Iceland record with those from the Norway record.  If the records agree, the interpretation 
of strengthened surface AMOC conditions during Medieval times and weakened conditions 
during the Little Ice Age would be supported, further elucidating the role ocean circulation 
plays in contributing to or amplifying climate changes.  Differences in timing and amplitude 
between the Iceland and Ingøya records may suggest changes in strength of deepwater 
formation or surface current pathways through time. 
The original proposed work included plans for collecting a decadal DeltaR record 
over the length of the isotope series.  In the process of identifying material suitable for 
crossdating into the modern chronology, several dozen high- and low-precision 14C ages 
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were obtained for the purpose of range-finding.  Shells radiocarbon dated to within the last 
600 years were further processed, imaged, and cross-dated to produce the 455-year 
chronology presented in Chapter 4.  A total of 18 cross-dated samples (five of them 
representing successive decades within one individual) were therefore available to calculate 
DeltaR values and provide preliminary data for a DeltaR record (Figure 2).   
 
 
Figure 5-2 Marine reservoir age offset (DeltaR) time series from Ingøya, Norway .  A mean DeltaR of 5 years 
is noted by the red line. 
 
Exploring climate signals among multiple bivalve populations 
Several shallow water populations of A. islandica have been found nearby the 
primary collection site in the large bay off the western side of Ingøya (Appendix, Figure X).  
During the initial sampling campaign in 2009 and in following campaigns, many dozens of 
live and dead shells have been collected from sandy beds surrounding Ingøya, from a slightly 
deeper (>30m) partially silled northeast-facing fjord of Ingøya (“Mafjorden”), and in the 
northwest-facing sandy bay of the neighboring island of Rolvsøya.  These collections provide 
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the opportunity to investigate the spatial coherence of A. islandica shell growth chronologies 
from different environments at this species’ northernmost known extent.  Difficult to access, 
unexplored shores of nearby islands likely also contain robust populations of A. islandica.  
Additionally, several specimens of Serripes Groenlandica, another useful bivalve species for 
sclerochronological research (e.g., Carroll et al., 2011), have been found in Mafjorden, likely 
representing this species southernmost extent. 
Comparing shell growth dynamics (including growth rates, growing season, 
morphology, etc), through time within and among bivalve species and populations around 
Ingøya may reveal more information about climate dynamics and ocean circulation and 
mixing in this climatologically sensitive region.  The north facing, slightly deeper Mafjorden, 
for example, likely receives a more direct influence of North Atlantic Water as it flows from 
west to east along the northern coast.  While the waters surrounding Ingøya are presumed to 
be well-mixed due to shallow waters and generally harsh conditions year-round, minor 
differences in daily to seasonal temperature patterns, turbidity, and food quality may impose 
minor differences in growing season among these populations, potentially capturing unique 
perspectives on climate variability.  Comparing proxy responses to common forcings and 
combining nearby records may result in a more comprehensive proxy record, potentially 
strengthening the proxy-climate relationship. 
 
Investigating Late Holocene postglacial climate dynamics 
Coastal northern Norway has experienced approximately several meters of relative 
sea level fall due to post-glacial uplift since the end of the last glacial period.  As a result, 
raised beaches are ubiquitous in the region.  As part of the larger NSF project funding the 
shell work presented this dissertation, researchers from Bates College (Lewiston, Maine, 
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USA) have extensively mapped and dated several of these beaches, many of which are found 
shoreward of the primary collection site on Ingøya.  The oldest shells found on the beaches 
and submerged in the bay date to >6000 BP (uncalibrated 14C age), suggesting the first post-
glacial appearance of A. islandica on Ingøya, provided that older, shell-containing beaches 
are not buried underneath sediments offshore.   
The abundant shell material available at Ingøya provides a nearly unparalleled 
opportunity to construct multicentury, and potentially multi-millennial, absolutely dated, 
annually resolved shell-based proxy records.  In its current state, the Ingøya record represents 
the 3rd longest master shell growth chronology ever constructed extending from 1555 to 2010 
(455 years; see Chapter 4).  The North Icelandic Shelf record of Butler et al. (2013) 
represents 1357 years and the Irish Sea record of Butler et al. (2009) represents 489 years.  
The Ingøya chronology will continue to be lengthened as time and resources permit.  Key 
questions at the millennial time scale center around the dynamics of seasonal to centennial 
temperature evolution, ocean chemistry and salinity changes, nutrient availability, and ocean 
circulation.  These investigations represent long-term goals and merit continued funding and 
dedication to the development of shell records from Ingøya. 
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APPENDIX A.    SHELL CARBONATE ISOTOPIC MEASUREMENTS 
The tables presented here report all isotopic measurements from shells collected from 
Ingøya and presented in various forms throughout the dissertation.  Measurements were 
made at the ISU Stable Isotope Laboratory for δ18O and δ13C on a ThermoFinnigan Delta 
Plus XL mass spectrometer coupled with a GasBench II and CombiPal autosampler. The 
long-term precision of the mass spectrometer is ±0.09‰ for δ18O and ±0.06‰ for δ13C, 
respectively.  National Institute of Standards and Technology standard reference materials 
NBS19, NBS18, and LSVEC were used for isotopic corrections, and to assign the data to the 
appropriate isotopic scale. At least one of each reference standard was used for every six 
samples.  Descriptions of the tables’ contents are as follows: 
 
Shell ID – Unique identifier for shells chosen as time of collection and referenced for all 
further processing and analysis 
 
Analysis Date – Month, day, and year each set of analyses took place.  Typically only ~40 
samples can run in one batch, thus, multiple dates represent analyses from multiple batches. 
 
δ13C Error and δ18O Error – Analytical uncertainty associated with the instrumental run 
(batch) in which each sample was analyzed (i.e., not the long term precision of the 
instrument) 
 
notes – Any notable sampling or analytical information 
ID 1 – Individual sample names 
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ID 2 – Mass (in micrograms), when recorded, of powdered carbonate analyzed 
 
runID – Date reference associated with each batch of samples and associated within-batch 
analytical uncertainty 
 
 
Below the header information for each shell, the five columns on the left side of the 
table report “individual samples” representing 1 vial per analysis.  The three columns on the 
right side of the table report values averaged over replicate analyses representing the same 
year or subsample within a year.  Years are reported in CE.  Subsampled annunal increments 
are given year values in fractions and do not suggest precise “months” of shell formation.  
An “x” following a value in the “year” column signifies uncertainty in the dating of 
increments.  Years listed within the range 1:20 are for labeling convenience and signify that 
no calendar ages were estimated for the samples. 
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Table A-1 Stable carbon and oxygen isotope ratios of sampled and subsampled annual growth increments of shells from Ingøya, Norway.. 
Shell ID: ING_09_081 
Analysis Date: 10/1/2011 
δ13C Error: 0.066 
δ18O Error: 0.142 
Notes: very first shell ever milled, potentially low skill 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
002 258 1.889 2.672 10/1/2011 2008 1.889 2.672 
004 290 1.752 1.951 10/1/2011 2006 1.752 1.951 
005 275 1.984 1.915 10/1/2011 2005 1.984 1.915 
006 260 2.317 2.400 10/1/2011 2004 2.317 2.400 
007 299 2.060 1.817 10/1/2011 2003 2.060 1.817 
008K 298 2.562 2.192 10/1/2011 2002 2.582 2.575 
012 299 2.543 2.680 10/1/2011 2001 2.557 2.945 
013 284 2.450 2.856 10/1/2011 2000 2.955 2.852 
008J 289 2.602 2.959 10/1/2011 1999 2.873 2.355 
009J 285 2.012 2.304 10/1/2011 1998 2.543 2.680 
009JK 284 2.557 2.945 10/1/2011 1997 2.450 2.856 
009K 262 2.514 4.250 10/1/2011 1996 2.237 2.743 
010J 292 3.044 2.997 10/1/2011 
010K 267 2.867 2.706 10/1/2011 
011J 303 3.056 2.380 10/1/2011 
011K 252 2.690 2.330 10/1/2011 
011X 300 2.323 2.802 10/1/2011 
014J 262 1.985 3.078 10/1/2011 
014K 252 2.489 2.408 10/1/2011 
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Shell ID: ING_09_75 
Analysis Date: 11/28/2011 
δ13C Error: 0.062 
δ18O Error: 0.088 
Notes: second shell ever milled, potentially low skill 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
000 1.390 2.346 11/28/2011 2001 1.390 2.346 
9800 1.265 2.522 11/28/2011 1998 1.182 2.512 
0XX_89 1.785 2.786 11/28/2011 1997 1.121 2.682 
098 1.182 2.512 11/28/2011 1996 1.518 2.844 
097 1.121 2.682 11/28/2011 1995 1.649 2.742 
096 1.518 2.844 11/28/2011 1994 1.864 2.925 
095_A 1.560 2.855 11/28/2011 1993 1.507 2.909 
095_4 1.456 2.674 11/28/2011 1992 1.516 2.873 
095_3 1.584 2.486 11/28/2011 1991 1.786 2.631 
095_2 1.909 3.066 11/28/2011 1990 1.715 2.751 
095_1 1.819 2.784 11/28/2011 1989 1.837 2.692 
093_A 1.138 3.014 11/28/2011 1988 1.566 2.878 
093_4 1.681 2.955 11/28/2011 1987 1.981 2.981 
093_3 1.640 2.528 11/28/2011 1986 2.295 
093_2 1.287 2.878 11/28/2011 1985 2.496 2.581 
093_1 1.787 3.168 11/28/2011 1984 2.683 2.552 
092k 1.553 2.934 11/28/2011 1983 2.926 2.803 
092j 1.479 2.812 11/28/2011 
091k 1.772 2.595 11/28/2011 
091j 1.800 2.667 11/28/2011 
090 1.715 2.751 11/28/2011 
089 1.889 2.598 11/28/2011 
088 1.566 2.878 11/28/2011 
087 1.981 2.981 11/28/2011 
086_A 2.303 2.675 11/28/2011 
086_4 2.346 3.043 11/28/2011 
086_3 2.298 2.197 11/28/2011 
086_2 2.187 2.586 11/28/2011 
086_1 2.339 3.027 11/28/2011 
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085_A 2.459 2.447 11/28/2011 
085_4 2.117 2.721 11/28/2011 
085_3 2.460 2.269 11/28/2011 
085_2 2.476 2.394 11/28/2011 
085_1 2.970 3.078 11/28/2011 
084_A 2.642 2.643 11/28/2011 
084_4 2.519 3.283 11/28/2011 
084_3 2.692 2.407 11/28/2011 
084_2 2.620 2.320 11/28/2011 
084_1 2.942 2.104 11/28/2011 
083_876 2.890 2.644 11/28/2011 
083_8 2.842 2.630 11/28/2011 
083_6 2.896 2.792 11/28/2011 
083_4 2.890 2.748 11/28/2011 
083_3 2.917 2.836 11/28/2011 
083_2 2.992 2.812 11/28/2011 
083_1 3.018 3.162 11/28/2011 
 
Shell ID: ING_09_076 
Analysis Date: 1/27/2012 
δ13C Error: 0.0191 
δ18O Error: 0.0932 
Notes: third shell ever milled, could be some problems identifying years 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
76_096 1.240 2.920 1/27/2012 1996 1.2402 2.9204 
76_095K 1.204 2.723 1/27/2012 1995 1.2165 2.7851 
76_095J 1.229 2.847 1/27/2012 1994 1.3391 3.2214 
76_094 1.339 3.221 1/27/2012 1992 0.7434 2.7485 
76_093 11.136 214.128 1/27/2012 1991 0.9377 2.3656 
76_092K 0.774 2.822 1/27/2012 1986 1.3664 2.8733 
76_092J 0.713 2.675 1/27/2012 1985 1.1715 2.7059 
76_091K 0.944 2.754 1/27/2012 1984 1.5595 2.8634 
76_091J 0.931 1.977 1/27/2012 1983 1.4237 2.6133 
76_086 1.366 2.873 1/27/2012 1980 1.6184 2.8088 
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76_085 1.172 2.706 1/27/2012 1979 1.4825 2.2761 
76_084K 1.594 2.852 1/27/2012 1978 1.8521 3.1453 
76_084J 1.524 2.875 1/27/2012 1977 2.0578 3.0799 
76_083K 1.421 2.594 1/27/2012 1976 2.0578 
76_083J 1.427 2.632 1/27/2012 1975 2.0642 3.0999 
76_080 1.618 2.809 1/27/2012 1974 2.0619 2.3348 
76_079K 1.516 2.892 1/27/2012 1973 1.6461 2.7224 
76_079J 1.449 1.660 1/27/2012 1972 1.8218 3.4695 
76_078 1.852 3.145 1/27/2012 1971 1.6241 2.9338 
76_077K 2.061 3.097 1/27/2012 
76_077J 2.054 3.063 1/27/2012 
76_076 2.064 3.100 1/27/2012 
76_075 2.062 2.335 1/27/2012 
76_074 1.646 2.722 1/27/2012 
76_073 1.822 3.470 1/27/2012 
76_072 1.624 2.934 1/27/2012 
 
Shell ID: ING09_082 
Analysis Date: 5/17/2012 5/18/2012 
δ13C Error: 0.058 0.042 
δ18O Error: 0.027 0.120 
Notes: young shell (5yrs), "A" block was previously etched, "u" denotes umbo 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
82u_06d_1A 1.080 2.422 5/17/2012 2008 2.482 2.364 
82u_06a_1A 1.008 2.449 5/17/2012 2007 2.510 2.315 
6e2_1A 2.405 2.381 5/17/2012 2006 2.251 2.229 
1u082_2A 0.856 2.405 5/17/2012 
1u08_2A 0.968 2.544 5/17/2012 SUBSEASONAL AVERAGES 
1u07d_2A 1.148 2.880 5/17/2012 year δ13C δ18O 
08all_2A 2.647 2.422 5/17/2012 2008.1 1.654 2.169 
07all_2A 2.600 2.306 5/17/2012 2008.2 2.189 1.950 
07all2_2A 2.712 2.371 5/17/2012 2008.3 2.461 2.083 
06all_2A 2.344 2.056 5/17/2012 2008.4 2.455 2.054 
06a_1A 1.698 2.628 5/17/2012 2008.5 2.743 2.146 
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06b_1A 2.287 2.083 5/17/2012 2008.6 2.830 2.311 
06c_1A 2.270 2.068 5/17/2012 2008.7 3.053 2.328 
06c2_1A 2.221 2.027 5/17/2012 2008.8 2.795 
06d_1A 2.266 2.173 5/17/2012 2008.9 2.087 3.004 
06d2_1A 2.312 2.192 5/17/2012 2007.1 1.977 1.873 
06e_1A 2.436 2.341 5/17/2012 2007.2 2.108 1.718 
06f_1A 2.664 2.638 5/17/2012 2007.3 2.433 1.645 
06g_1A 2.521 2.660 5/17/2012 2007.4 2.642 1.799 
06h_1A 1.888 3.035 5/17/2012 2007.5 2.775 1.963 
06h2_1A 1.908 3.047 5/17/2012 2007.6 2.748 1.842 
07a_1A 1.829 2.531 5/17/2012 2007.7 2.893 2.119 
07b_1A 2.075 2.145 5/17/2012 2007.8 2.881 2.495 
07c_1A 2.489 2.326 5/17/2012 2007.9 2.049 2.788 
07d_1A 2.636 2.146 5/17/2012 2006.1 1.869 2.046 
07e_1A 2.834 2.314 5/17/2012 2006.2 2.488 1.838 
07f_1A 3.070 2.635 5/17/2012 2006.3 2.328 1.898 
07g_1A 2.776 2.786 5/17/2012 2006.4 2.221 1.909 
07h_1A 2.443 3.056 5/17/2012 2006.6 2.398 2.048 
07h2_1A 2.463 3.182 5/17/2012 2006.7 2.404 2.118 
08a_2A 2.016 1.923 5/17/2012 2006.8 2.283 2.083 
08a2_2A 2.067 1.978 5/17/2012 2006.9 1.993 2.856 
08b_2A 2.413 2.030 5/17/2012 2008.1 2.041 1.951 
08c_2A 2.354 2.046 5/17/2012 2008.2 2.413 2.030 
08d_2A 2.544 2.281 5/17/2012 2008.3 2.354 2.046 
08e_2A 2.611 2.311 5/17/2012 2008.4 2.544 2.281 
08f_2A 2.797 2.758 5/17/2012 2008.6 2.611 2.311 
08g_2A 2.836 2.620 5/17/2012 2008.7 2.797 2.758 
08g2_2A 2.869 2.703 5/17/2012 2008.8 2.852 2.662 
08h_2A 2.311 3.378 5/17/2012 2008.9 2.311 3.378 
82B_08i_B 2.087 3.004 5/18/2012 2007.1 1.829 1.829 
82B_08h_B 2.795 2.664 5/18/2012 2007.2 2.075 2.075 
82B_08g_B 3.053 2.328 5/18/2012 2007.3 2.489 2.489 
82B_08f_B 2.830 2.311 5/18/2012 2007.4 2.636 2.636 
82B_08e_B 2.743 2.146 5/18/2012 2007.6 2.834 2.834 
82B_08d_B 2.455 2.054 5/18/2012 2007.7 3.070 3.070 
82B_08c_B 2.461 2.083 5/18/2012 2007.8 2.776 2.776 
82B_08b_B 2.189 1.950 5/18/2012 2007.9 2.453 3.119 
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82B_08a_B 1.654 2.169 5/18/2012 2006.1 1.698 1.698 
82B_07i_B 2.049 2.788 5/18/2012 2006.2 2.287 2.287 
82B_07h2_B 2.779 2.425 5/18/2012 2006.3 2.245 2.047 
82B_07h_B 2.983 2.565 5/18/2012 2006.4 2.289 2.182 
82B_07g2_B 2.903 2.103 5/18/2012 2006.6 2.436 2.436 
82B_07g_B 2.883 2.135 5/18/2012 2006.7 2.664 2.664 
82B_07f2_B 2.751 1.843 5/18/2012 2006.8 2.521 2.521 
82B_07f_B 2.744 1.841 5/18/2012 2006.9 1.898 3.041 
82B_07e_B 2.775 1.963 5/18/2012 
82B_07d2_B 2.667 1.787 5/18/2012 
82B_07d_B 2.616 1.810 5/18/2012 
82B_07c_B 2.433 1.645 5/18/2012 
82B_07b_B 2.108 1.718 5/18/2012 
82B_07a2_B 1.966 1.947 5/18/2012 
82B_07a_B 1.988 1.799 5/18/2012 
82B_06h_B 1.993 2.856 5/18/2012 
82B_06g_B 2.283 2.083 5/18/2012 
82B_06f_B 2.404 2.118 5/18/2012 
82B_06e_B 2.328 1.898 5/18/2012 
82B_06e_B 2.398 2.048 5/18/2012 
82B_06d_B 2.221 1.909 5/18/2012 
82B_06b_B 2.488 1.838 5/18/2012 
82B_06a_B 1.869 2.046 5/18/2012 
 
Shell ID: ING_09_058 
Analysis Date: 7/16/2012 
δ13C Error: 0.047 
δ18O Error: 0.084 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
58_08c 1.814 2.156 7/16/2012 2008 1.835 2.167 
58_08b 1.868 2.196 7/16/2012 2007 2.137 2.450 
58_08 1.822 2.148 7/16/2012 2006 1.786 2.275 
58_07 2.137 2.450 7/16/2012 2005 1.791 2.227 
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58_06 1.786 2.275 7/16/2012 2004 1.908 2.410 
58_05 1.791 2.227 7/16/2012 
58_04_2 1.803 2.369 7/16/2012 
58_04_1 2.012 2.451 7/16/2012 
 
Shell ID: ING_09_072 
Analysis Date: 7/16/2012 7/27/2012 
δ13C Error: 0.047 0.058 
δ18O Error: 0.084 0.080 
Notes: milled once for annual data, then subsampled seasonally 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
72_07 2.402 2.329 7/16/2012 2007 2.402 2.329 
72_06b 2.199 2.331 7/16/2012 2006 2.350 2.300 
72_06 2.500 2.269 7/16/2012 2005 1.830 2.164 
72_05 1.830 2.164 7/16/2012 2004 1.550 2.438 
72_04 1.550 2.438 7/16/2012 2003 1.683 2.564 
72_03 1.683 2.564 7/16/2012 2002 1.767 2.286 
72_02 1.767 2.286 7/16/2012 2001 2.180 2.184 
72_01 2.180 2.184 7/16/2012 2000 2.692 2.255 
72_00 2.692 2.255 7/16/2012 1999 2.692 2.393 
72_99 2.692 2.393 7/16/2012 1998 2.713 2.441 
72_98 2.713 2.441 7/16/2012 
72_00a 1.756 2.725 7/27/2012 SUBSEASONAL AVERAGES 
72_00a2 1.904 2.634 7/27/2012 year δ13C δ18O 
72_00b 2.324 2.388 7/27/2012 2000.1 1.830 
72_00b2 2.233 2.544 7/27/2012 2000.2 2.278 2.466 
72_00c 2.508 2.186 7/27/2012 2000.3 2.486 2.215 
72_00c2 2.463 2.243 7/27/2012 2000.4 2.747 2.191 
72_00d 2.711 2.169 7/27/2012 2000.6 2.893 2.345 
72_00d2 2.783 2.212 7/27/2012 2000.7 2.870 2.658 
72_00e 2.893 2.345 7/27/2012 2000.8 2.651 3.009 
72_00f 2.870 2.658 7/27/2012 2000.9 2.717 3.461 
72_00g 2.651 3.009 7/27/2012 1999.1 2.205 3.739 
72_00h 2.717 3.461 7/27/2012 1999.2 2.398 2.252 
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72_99a 2.205 3.739 7/27/2012 1999.3 2.552 2.193 
72_99b 2.398 2.252 7/27/2012 1999.4 2.633 2.340 
72_99c 2.552 2.193 7/27/2012 1999.6 2.849 2.495 
72_99d 2.633 2.340 7/27/2012 1999.7 2.789 2.690 
72_99e 2.849 2.495 7/27/2012 1999.8 3.139 2.895 
72_99f 2.789 2.690 7/27/2012 1999.9 2.188 3.491 
72_99g 3.139 2.895 7/27/2012 1998.1 1.753 3.093 
72_99h 2.188 3.491 7/27/2012 1998.2 2.306 2.339 
72_98a 1.753 3.093 7/27/2012 1998.3 2.151 2.274 
72_98b 2.306 2.339 7/27/2012 1998.4 2.775 2.274 
72_98c 2.151 2.274 7/27/2012 1998.6 2.775 2.274 
72_98de 2.775 2.274 7/27/2012 1998.7 3.223 2.720 
72_98f 3.223 2.720 7/27/2012 1998.8 3.081 3.076 
72_98g 3.081 3.076 7/27/2012 1998.9 2.795 3.554 
72_98h 2.795 3.554 7/27/2012 
 
Shell ID: ING_09_048 
Analysis Date: 7/26/2012 
δ13C Error: 0.053 
δ18O Error: 0.062 
Notes: shell uncrossdated 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
48_1a 2.067 2.791 7/26/2012 1 2.548 2.414 
48_1b 2.753 2.141 7/26/2012 2 2.951 2.185 
48_1c 2.500 2.009 7/26/2012 
48_1d 3.066 2.213 7/26/2012 SUBSEASONAL AVERAGES 
48_1e 3.120 2.471 7/26/2012 year δ13C δ18O 
48_1f 3.226 2.954 7/26/2012 1.1 2.067 2.791 
48_1g 3.294 3.210 7/26/2012 1.2 2.753 2.141 
48_1h 2.984 3.610 7/26/2012 1.3 2.500 2.009 
48_2a 2.374 3.408 7/26/2012 1.4 3.066 2.213 
48_2b 2.653 2.137 7/26/2012 1.6 3.120 2.471 
48_2c 2.927 2.141 7/26/2012 1.7 3.226 2.954 
48_2d 3.019 2.602 7/26/2012 1.8 3.294 3.210 
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48_2e 3.095 2.485 7/26/2012 1.9 2.984 3.610 
48_2f 2.886 2.704 7/26/2012 2.1 2.374 
48_2g 3.298 2.852 7/26/2012 2.2 2.653 2.137 
48_2h 2.988 3.348 7/26/2012 2.3 2.927 2.141 
48_year1 2.472 2.387 7/26/2012 2.4 3.019 2.602 
48_year1b 2.625 2.442 7/26/2012 2.6 3.095 2.485 
48_year2 2.880 2.227 7/26/2012 2.7 2.886 2.704 
48_year2b 3.021 2.144 7/26/2012 2.8 3.298 2.852 
2.9 2.988 3.348 
 
Shell ID: ING_09_045 
Analysis Date: 7/28/2012 
δ13C Error: 0.050 
δ18O Error: 0.058 
Notes: counted "o4_03" as part of year 2003 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
45_07 0.931 2.643 7/28/2012 2007 0.931 2.643 
45_06 1.487 2.764 7/28/2012 2006 1.487 2.764 
45_05b 1.083 2.265 7/28/2012 2005 1.091 2.353 
45_05 1.098 2.440 7/28/2012 2004 1.416 2.560 
45_04c 1.498 2.738 7/28/2012 2003 1.799 2.502 
45_04b 1.567 2.595 7/28/2012 2002 1.704 2.254 
45_04_03 1.660 2.303 7/28/2012 2001 1.940 2.342 
45_04 1.184 2.348 7/28/2012 2000 2.488 3.239 
45_03 1.939 2.701 7/28/2012 1999 2.114 2.421 
45_02b 1.900 2.288 7/28/2012 
45_02 1.508 2.220 7/28/2012 
45_01 1.940 2.342 7/28/2012 
45_00 2.488 3.239 7/28/2012 
45_99 2.114 2.421 7/28/2012 
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Shell ID: ING_09_003 
Analysis Date: 7/28/2012 
δ13C Error: 0.050 
δ18O Error: 0.058 
Notes: crossdated shell to years shown 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
3_15 2.630 3.323 7/28/2012 1911 2.630 3.323 
3_14 2.937 3.511 7/28/2012 1910 2.937 3.511 
3_13 2.973 3.317 7/28/2012 1909 2.973 3.317 
3_12 3.263 3.219 7/28/2012 1908 3.263 3.219 
3_11 2.952 2.850 7/28/2012 1907 2.952 2.850 
3_10 2.777 3.122 7/28/2012 1906 2.777 3.122 
3_9 2.851 3.266 7/28/2012 1905 2.851 3.266 
3_8 2.899 2.972 7/28/2012 1904 2.899 2.972 
3_7 2.962 3.384 7/28/2012 1903 2.962 3.384 
3_6 2.811 3.346 7/28/2012 1902 2.811 3.346 
3_5 3.032 3.323 7/28/2012 1901 3.032 3.323 
3_4 3.108 3.346 7/28/2012 1900 3.166 3.442 
3_3 3.224 3.538 7/28/2012 1899 2.540 2.187 
3_2 2.540 2.187 7/28/2012 1898 2.923 
3_1 2.923 2.981 7/28/2012 
 
Shell ID: ING_09_074 
Analysis Date: 7/30/2012 12/12/2014 
δ13C Error: 0.054 0.107 
δ18O Error: 0.043 0.099 
Notes: 89_90 was found to be one year through crossdating to 1990 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
74_00 0.534 2.842 7/30/2012 2000 0.534 2.842 
74_99 0.607 2.707 7/30/2012 1999 0.607 2.707 
74_98 0.679 2.680 7/30/2012 1998 0.679 2.680 
74_97 0.601 2.820 7/30/2012 1997 0.601 2.820 
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74_96 0.651 3.302 7/30/2012 1996 0.651 3.302 
74_95 0.778 3.007 7/30/2012 1995 0.778 3.007 
74_94 0.910 3.068 7/30/2012 1994 0.910 3.068 
74_93 0.704 2.848 7/30/2012 1993 0.704 2.848 
74_92 0.572 2.991 7/30/2012 1992 0.572 2.991 
74_91 0.933 2.750 7/30/2012 1991 0.933 2.750 
74_89_90 1.215 2.755 7/30/2012 1990 1.215 2.755 
74_88 0.976 2.732 7/30/2012 1988 0.976 2.732 
74_87 0.884 3.021 7/30/2012 ave87w86 0.884 3.021 
74_85 0.871 2.831 7/30/2012 1985 0.871 
74_84 1.201 2.928 7/30/2012 1984 1.201 2.928 
74_83b 1.570 2.919 7/30/2012 1983 1.559 2.892 
74_83 1.547 2.865 7/30/2012 1982 1.553 2.730 
74_82b 1.520 2.693 7/30/2012 1981 1.872 3.124 
74_82 1.586 2.767 7/30/2012 1980 1.565 3.006 
74_81 1.872 3.124 7/30/2012 1979 1.943 2.868 
74_80 1.565 3.006 7/30/2012 1978 1.972 2.679 
74_79b 1.923 2.964 7/30/2012 1977 2.292 2.847 
74_79 1.963 2.772 7/30/2012 1976 2.144 2.977 
74_78B 1.936 2.559 7/30/2012 1975 2.093 2.776 
74_78 2.008 2.798 7/30/2012 1974 2.040 2.998 
74_77 2.292 2.847 7/30/2012 1973 1.965 2.458 
74_76b 2.133 2.992 7/30/2012 1972 1.775 2.969 
74_76 2.155 2.962 7/30/2012 1971 1.477 2.071 
74_75b 2.082 2.762 7/30/2012 1970 1.748 2.100 
74_75 2.104 2.791 7/30/2012 1969 2.079 2.325 
74_74 2.040 2.998 7/30/2012 1968 2.100 2.205 
74_73 1.965 2.458 7/30/2012 1967 2.148 2.490 
74_72 1.775 2.969 7/30/2012 1966 2.286 2.668 
74_71 257 1.477 2.071 12/12/2014 1965 2.114 2.483 
74_70 303 1.748 2.100 12/12/2014 1964 2.150 2.226 
74_69c 306 2.175 2.441 12/12/2014 1963 1.869 2.151 
74_69B 270 2.047 2.254 12/12/2014 1962 1.831 2.478 
74_69A 295 2.014 2.279 12/12/2014 
74_68 273 2.100 2.205 12/12/2014 
74_67 302 2.148 2.490 12/12/2014 
74_66 297 2.286 2.668 12/12/2014 
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74_65 272 2.114 2.483 12/12/2014 
74_64B 288 2.160 2.316 12/12/2014 
74_64A 277 2.140 2.137 12/12/2014 
74_63 249 1.869 2.151 12/12/2014 
74_62 261 1.831 2.478 12/12/2014 
 
Shell ID: ING_09_020 
Analysis Date: 8/30/2012 10/10/2017 
δ13C Error: 0.106 0.145 
δ18O Error: 0.125 0.078 
Notes: don't have good record of milled years for 8/30 but probably near 1780s 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
20_32b 226 2.718 2.995 8/30/2012 1791 0.579 3.274 
20_32 254 2.370 2.740 8/30/2012 1790 0.763 3.248 
20_31 280 2.995 3.019 8/30/2012 1789 1.119 3.330 
20_30b 289 3.042 2.709 8/30/2012 1788 1.230 3.384 
20_30 304 3.030 2.583 8/30/2012 1787 1.345 3.516 
20_29b 262 3.105 2.909 8/30/2012 1786 1.057 3.200 
20_29 262 3.198 2.842 8/30/2012 1785 0.940 2.987 
20_28d 290 2.713 3.022 8/30/2012 1784 0.810 2.959 
20_28c 309 3.151 2.885 8/30/2012 1783 0.642 3.021 
20_28b 291 2.904 1.802 8/30/2012 1782 0.862 3.211 
20_28a 293 3.031 2.645 8/30/2012 1781 1.002 3.130 
20_27 281 2.873 3.216 8/30/2012 1780 0.863 3.036 
20_26b 244 2.855 3.179 8/30/2012 1779 0.766 3.054 
20_26 299 2.973 2.954 8/30/2012 1778 0.471 
20_25 312 2.715 2.926 8/30/2012 1777 0.627 3.187 
20_24 304 2.880 2.407 8/30/2012 1776 1.185 3.091 
20_23f 235 3.690 3.711 8/30/2012 1775 1.020 2.886 
20_23e 3.515 3.218 8/30/2012 1774 0.888 2.583 
20_23d 315 3.440 2.611 8/30/2012 1773 0.876 2.812 
20_23c 308 3.210 2.388 8/30/2012 1772 1.012 3.007 
20_23b 250 2.959 2.220 8/30/2012 1771 1.160 3.273 
20_23a 295 2.638 2.744 8/30/2012 1770 1.361 3.374 
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20_1791 130 0.579 3.274 10/10/2017 1769 1.359 3.240 
20_1790 292 0.763 3.248 10/10/2017 1768 1.067 3.243 
20_1789 272 1.119 3.330 10/10/2017 1767 0.948 3.166 
20_1788 380 1.230 3.384 10/10/2017 1766 0.854 3.127 
20_1787 358 1.345 3.516 10/10/2017 1765 1.183 3.223 
20_1786 292 1.057 3.200 10/10/2017 1764 1.453 3.362 
20_1785 194 0.940 2.987 10/10/2017 1763 1.157 3.176 
20_1784 163 0.810 2.959 10/10/2017 1762 0.928 2.980 
20_1783 205 0.642 3.021 10/10/2017 1761 1.275 3.259 
20_1782 328 0.862 3.211 10/10/2017 1760 1.488 3.038 
20_1781 193 1.002 3.130 10/10/2017 1759 1.784 3.204 
20_1780 186 0.863 3.036 10/10/2017 1758 1.747 3.182 
20_1779 249 0.766 3.054 10/10/2017 1757 1.790 3.059 
20_1778 205 0.471 2.835 10/10/2017 1756 1.897 3.180 
20_1777_2 307 0.684 3.065 10/10/2017 1755 1.857 3.124 
20_1777_1 273 0.570 3.308 10/10/2017 1754 1.688 3.249 
20_1776 356 1.185 3.091 10/10/2017 1753 1.334 3.093 
20_1775 235 1.020 2.886 10/10/2017 1752 1.347 3.108 
20_1774 90 0.888 2.583 10/10/2017 1751 1.680 2.748 
20_1773 153 0.876 2.812 10/10/2017 1750 1.900 2.776 
20_1772 164 1.012 3.007 10/10/2017 1749 2.083 2.878 
20_1771 290 1.160 3.273 10/10/2017 1748 2.133 2.906 
20_1770 373 1.361 3.374 10/10/2017 1747 2.614 3.171 
20_1769 423 1.359 3.240 10/10/2017 1746 2.727 2.721 
20_1768 287 1.067 3.243 10/10/2017 1745 2.404 2.980 
20_1767 384 0.948 3.166 10/10/2017 1744 2.556 2.893 
20_1766 272 0.854 3.127 10/10/2017 1743 2.413 3.254 
20_1765 427 1.183 3.223 10/10/2017 1742 2.687 3.168 
20_1764 388 1.453 3.362 10/10/2017 1741 2.486 3.469 
20_1763 337 1.157 3.176 10/10/2017 1740 2.785 2.909 
20_1762 291 0.928 2.980 10/10/2017 10x 2.544 2.867 
20_1761 375 1.275 3.259 10/10/2017 9x 2.995 3.019 
20_1760 317 1.488 3.038 10/10/2017 8x 3.036 2.646 
20_1759 540 1.784 3.204 10/10/2017 7x 3.151 2.875 
20_1758 342 1.747 3.182 10/10/2017 6x 2.950 2.589 
20_1757 340 1.790 3.059 10/10/2017 5x 2.873 3.216 
20_1756 501 1.897 3.180 10/10/2017 4x 2.914 3.066 
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20_1755_2 356 1.860 3.085 10/10/2017 3x 2.715 2.926 
20_1755_1 259 1.855 3.163 10/10/2017 2x 2.880 2.407 
20_1754_2 402 1.714 3.319 10/10/2017 1x 3.242 2.815 
20_1754_1 442 1.662 3.178 10/10/2017 
20_1753 384 1.334 3.093 10/10/2017 SUBSEASONAL AVERAGES 
20_1752 305 1.347 3.108 10/10/2017 year δ13C δ18O 
20_1751 228 1.680 2.748 10/10/2017 1.86x 3.690 3.711 
20_1750 302 1.900 2.776 10/10/2017 1.71x 3.515 3.218 
20_1749 255 2.083 2.878 10/10/2017 1.57x 3.440 2.611 
20_1748 270 2.133 2.906 10/10/2017 1.43x 3.210 2.388 
20_1747 438 2.614 3.171 10/10/2017 1.29x 2.959 2.220 
20_1746 263 2.727 2.721 10/10/2017 1.14x 2.638 2.744 
20_1745 264 2.404 2.980 10/10/2017 
20_1744 316 2.556 2.893 10/10/2017 
20_1743 363 2.413 3.254 10/10/2017 
20_1742 420 2.687 3.168 10/10/2017 
20_1741 484 2.486 3.469 10/10/2017 
20_1740_2 378 2.774 2.823 10/10/2017 
20_1740_1 368 2.797 2.994 10/10/2017 
 
Shell ID: DC_B1_1 
Analysis Date: 9/7/2012 4/19/2013 
δ13C Error: 0.049 0.118 
δ18O Error: 0.127 0.171 
Notes: floating shell 14C dated to 1000AD(?) 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
b1_1_9 1.935 3.060 9/7/2012 1001x 3.083 3.392 
b1_1_8 2.175 3.046 9/7/2012 1000x 2.960 3.657 
b1_1_7 1.967 3.185 9/7/2012 999x 2.649 3.555 
b1_1_6 1.481 2.862 9/7/2012 998x 2.550 3.520 
b1_1_5 1.689 3.000 9/7/2012 997x 2.197 3.610 
b1_1_4 1.659 3.044 9/7/2012 996x 2.574 3.536 
b1_1_3 1.337 2.935 9/7/2012 995x 2.217 3.505 
b1_1_2 1.476 2.931 9/7/2012 994x 1.764 3.665 
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B1_1_1 1.435 3.097 9/7/2012 993x 2.352 4.031 
B1_1_100 2.132 5.281 4/19/2013 992x 2.132 5.281 
B1_1_101 2.352 4.031 4/19/2013 991x 1.935 3.060 
B1_1_102 1.910 3.674 4/19/2013 990x 2.175 3.046 
B1_1_102b 1.618 3.657 4/19/2013 989x 1.967 3.185 
B1_1_103 2.217 3.505 4/19/2013 988x 1.481 
B1_1_104 2.574 3.536 4/19/2013 987x 1.689 3.000 
B1_1_105 2.197 3.610 4/19/2013 986x 1.659 3.044 
B1_1_106 2.530 3.427 4/19/2013 985x 1.337 2.935 
B1_1_106b 2.569 3.613 4/19/2013 984x 1.476 2.931 
B1_1_107 2.638 3.520 4/19/2013 983x 1.435 3.097 
B1_1_107b 2.660 3.590 4/19/2013 
B1_1_108 2.960 3.657 4/19/2013 
B1_1_109 3.083 3.392 4/19/2013 
 
Shell ID: ING_09_36 
Analysis Date: 4/19/2013 
δ13C Error: 0.118 
δ18O Error: 0.171 
Notes: shell not crossdated, doesn't seem to fit in chronology so left as floating 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
36_1 2.011 3.604 4/19/2013 1740x 2.186 3.849 
36_2 1.981 3.762 4/19/2013 1739x 2.308 3.518 
36_3 2.367 3.967 4/19/2013 1738x 1.885 3.584 
36_4 2.157 3.676 4/19/2013 1737x 1.810 3.930 
36_5 1.668 3.611 4/19/2013 1736x 1.668 3.611 
36_6 1.810 3.930 4/19/2013 1735x 2.157 3.676 
36_7 1.885 3.584 4/19/2013 1734x 2.367 3.967 
36_8 2.308 3.518 4/19/2013 1733x 1.981 3.762 
36_9 2.186 3.849 4/19/2013 1732x 2.011 3.604 
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Shell ID: ING13_038 
Analysis Date: 6/29/2013 8/9/2013 
δ13C Error: 0.102 0.047 
δ18O Error: 0.178 0.104 
Notes: hand sampled, _1 is surface layer (purple color), _2 is deeper shell layer 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
23_1 2.098 2.852 6/29/2013 1.97x_1 2.098 2.852 
22_1 1.602 2.588 6/29/2013 1.93x_1 1.602 2.588 
21_1 1.932 3.576 6/29/2013 1.89x_1 1.932 3.576 
20_1 2.141 3.328 6/29/2013 1.85x_1 2.141 3.328 
19_1 2.209 3.252 6/29/2013 1.81x_1 2.209 3.252 
18_1 1.965 2.896 6/29/2013 1.77x_1 1.965 2.896 
17_1 2.555 2.753 6/29/2013 1.73x_1 2.555 2.753 
16_1 2.672 2.769 6/29/2013 1.69x_1 2.672 2.769 
15_1 2.540 2.479 6/29/2013 1.65x_1 2.540 2.479 
14_1 2.545 2.646 6/29/2013 1.61x_1 2.545 2.646 
13_1 2.403 2.467 6/29/2013 1.57x_1 2.403 2.467 
12_1 2.578 2.573 6/29/2013 1.53x_1 2.578 2.573 
11_1 2.505 2.526 6/29/2013 1.49x_1 2.505 2.526 
10_1 2.446 2.504 6/29/2013 1.45x_1 2.446 
9_1 2.487 2.830 6/29/2013 1.41x_1 2.487 2.830 
8_1 2.446 2.893 6/29/2013 1.37x_1 2.446 2.893 
7_1 2.572 2.323 6/29/2013 1.33x_1 2.572 2.323 
6_1 2.517 2.166 6/29/2013 1.29x_1 2.517 2.166 
5_1 5.653 55.781 6/29/2013 1.25x_1 5.653 55.781 
4_1 2.358 2.635 6/29/2013 1.21x_1 2.358 2.635 
3_1 1.983 2.221 6/29/2013 1.17x_1 1.983 2.221 
2B_1 1.989 2.314 6/29/2013 1.13x_1 1.983 2.286 
2A_1 1.977 2.259 6/29/2013 1.09x_1 2.208 3.541 
1_1 2.208 3.541 6/29/2013 1.05x_1 1.450 2.878 
0_1 1.450 2.878 6/29/2013 1.96x_2 1.971 2.254 
2_038_21 1.971 2.254 8/9/2013 1.91x_2 1.777 2.881 
2_038_20 1.777 2.881 8/9/2013 1.87x_2 1.678 3.231 
2_038_19 1.678 3.231 8/9/2013 1.83x_2 2.260 3.172 
2_038_18 2.260 3.172 8/9/2013 1.78x_2 2.194 2.758 
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2_038_17 2.194 2.758 8/9/2013 1.74x_2 2.504 2.845 
2_038_16 2.504 2.845 8/9/2013 1.7x_2 2.718 2.879 
2_038_15 2.718 2.879 8/9/2013 1.65x_2 2.813 2.704 
2_038_14 2.813 2.704 8/9/2013 1.61x_2 2.714 2.899 
2_038_13 2.714 2.899 8/9/2013 1.57x_2 2.740 2.256 
2_038_12 2.740 2.256 8/9/2013 1.52x_2 2.780 2.021 
2_038_11 2.780 2.021 8/9/2013 1.48x_2 2.554 2.119 
2_038_10 2.554 2.119 8/9/2013 1.43x_2 2.611 2.082 
2_038_9 2.611 2.082 8/9/2013 1.39x_2 2.666 2.223 
2_038_8 2.666 2.223 8/9/2013 1.35x_2 2.821 2.378 
2_038_7 2.821 2.378 8/9/2013 1.3x_2 2.652 2.231 
2_038_6 2.652 2.231 8/9/2013 1.26x_2 2.500 2.275 
2_038_5B 2.521 2.463 8/9/2013 1.22x_2 2.262 2.424 
2_038_5A 2.479 2.087 8/9/2013 1.17x_2 2.248 2.512 
2_038_4 2.262 2.424 8/9/2013 1.13x_2 1.923 2.609 
2_038_3 2.248 2.512 8/9/2013 1.09x_2 1.654 2.646 
2_038_2 1.923 2.609 8/9/2013 1.04x_2 1.730 2.891 
2_038_1 1.654 2.646 8/9/2013 
2_038_0 1.730 2.891 8/9/2013 
 
Shell ID: ING1361 
Analysis Date: 11/19/2013 11/20/2013 
δ13C Error: 0.075 0.035 
δ18O Error: 0.080 0.071 
Notes: 
lost sample 2001 to 
milling 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
261_12 361 1.205 3.039 11/19/2013 2012 1.205 3.039 
261_11 287 1.237 3.008 11/19/2013 2011 1.237 3.008 
261_10 255 1.293 2.534 11/19/2013 2010 1.293 2.534 
261_09 290 1.119 2.459 11/19/2013 2009 1.119 2.459 
261_08 244 1.286 2.379 11/19/2013 2008 1.286 2.379 
261_06 256 1.392 2.449 11/19/2013 2007 1.451 2.389 
261_05 272 0.941 2.216 11/19/2013 2006 1.392 2.449 
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261_04_2 236 1.527 2.769 11/19/2013 2005 0.941 2.216 
261_03_2 355 1.844 2.625 11/19/2013 2004 1.630 2.771 
261_03_1 329 1.836 2.390 11/19/2013 2003 1.840 2.508 
261_02_2 212 1.457 2.231 11/19/2013 2002 1.519 2.125 
261_02_1 303 1.580 2.020 11/19/2013 2000 2.266 2.237 
261_00_2 318 2.232 2.109 11/19/2013 1999 2.681 2.586 
261_99 397 2.681 2.586 11/19/2013 1998 2.718 
261_98 420 2.718 2.392 11/19/2013 1997 2.554 2.497 
261_97h 274 2.681 3.248 11/19/2013 
261_97g 225 2.839 2.554 11/19/2013 SUBSEASONAL AVERAGES 
261_97c 297 2.630 2.145 11/19/2013 year δ13C δ18O 
261_97b 261 2.085 2.350 11/19/2013 1997.89 2.681 3.248 
261_97f 222 2.847 2.527 11/20/2013 1997.78 2.839 2.554 
261_97e 258 2.661 2.138 11/20/2013 1997.67 2.847 2.527 
261_97d 196 2.789 2.216 11/20/2013 1997.56 2.661 2.138 
261_97a 281 1.901 2.799 11/20/2013 1997.44 2.789 2.216 
261_07 273 1.451 2.389 11/20/2013 1997.33 2.630 2.145 
261_04_1 300 1.734 2.772 11/20/2013 1997.22 2.085 2.350 
261_00_2 334 2.299 2.365 11/20/2013 1997.11 1.901 2.799 
 
Shell ID: ING13_270 
Analysis Date: 11/20/2013 9/27/2014 9/29/2014 
δ13C Error: 0.035 0.067 0.054 
δ18O Error: 0.071 0.094 0.178 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
270_92 214 1.130 3.072 11/20/2013 1992 1.130 3.072 
270_91 450 0.927 3.113 11/20/2013 1991 0.927 3.113 
270_90 271 1.024 2.870 11/20/2013 1990 1.024 2.870 
270_89 283 0.660 3.076 11/20/2013 1989 0.660 3.076 
270_89 295 1.059 3.472 11/20/2013 1988 1.059 3.472 
270_88 214 0.912 3.129 11/20/2013 1987 0.912 3.129 
270_86 290 1.225 3.149 11/20/2013 1986 1.225 3.149 
270_85 294 1.584 2.857 11/20/2013 1985 1.584 2.857 
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270_84 359 1.592 3.252 11/20/2013 1984 1.592 3.252 
270_83 317 1.832 2.986 11/20/2013 1983 1.832 2.986 
270_82 339 1.979 3.199 11/20/2013 1982 1.979 3.199 
270_81 378 2.256 3.249 11/20/2013 1981 2.256 3.249 
270_80 354 2.782 2.844 11/20/2013 1980 2.782 2.844 
270_79 303 3.081 2.369 11/20/2013 1979 3.081 
270_78 277 3.321 3.145 11/20/2013 1978 3.299 2.991 
270_78_1 241 3.278 2.837 11/20/2013 1977 3.436 3.027 
270_77 325 3.436 3.027 11/20/2013 1976 3.165 2.849 
270_76 335 3.165 2.849 11/20/2013 1975 3.375 3.222 
270_75 288 3.375 3.222 11/20/2013 1974 3.160 2.773 
270_74 239 3.160 2.773 11/20/2013 1973 3.105 3.210 
270_73 279 3.105 3.210 11/20/2013 
270_72w 294 2.512 2.590 9/27/2014 SUBSEASONAL AVERAGES 
270_72p 280 2.946 1.769 9/27/2014 year δ13C δ18O 
270_72L 268 3.110 3.142 9/27/2014 1.1x 2.811 1.988 
270_72k 277 3.463 2.842 9/27/2014 1.2x 2.871 2.214 
270_72j 257 3.609 2.668 9/27/2014 1.3x 2.972 1.832 
270_72i 324 3.368 2.441 9/27/2014 1.4x 3.032 2.055 
270_72h 293 3.016 2.000 9/27/2014 1.5x 3.196 1.643 
270_72g 265 3.299 1.593 9/27/2014 1.6x 3.103 1.572 
270_72f 269 3.135 1.649 9/27/2014 1.7x 2.992 1.532 
270_72e 253 2.992 1.532 9/27/2014 1.8x 3.135 1.649 
270_72d 285 3.103 1.572 9/27/2014 1.9x 3.299 1.593 
270_72c 251 3.196 1.643 9/27/2014 2x 3.016 2.000 
270_72b 233 2.972 1.832 9/27/2014 2.1x 3.368 2.441 
270_72a 348 2.811 1.988 9/27/2014 2.2x 3.609 2.668 
270_72v 254 3.053 2.933 9/29/2014 2.3x 3.463 2.842 
270_72u 318 3.297 2.907 9/29/2014 2.4x 3.110 3.142 
270_72t 287 2.890 2.388 9/29/2014 2.5x 2.892 2.276 
270_72s 313 3.109 2.011 9/29/2014 2.6x 2.674 2.588 
270_72r 306 3.410 1.940 9/29/2014 2.7x 2.779 2.462 
270_72q 325 3.315 2.130 9/29/2014 2.8x 2.946 1.769 
270_72o 255 2.779 2.462 9/29/2014 2.9x 3.315 2.130 
270_72n 210+ 2.674 2.588 9/29/2014 3x 3.410 1.940 
270_72b 233 3.032 2.055 9/29/2014 3.1x 3.109 2.011 
270_72a 348 2.871 2.214 9/29/2014 3.2x 2.890 2.388 
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270_72m 263 2.892 2.276 9/29/2014 3.3x 3.297 2.907 
3.4x 3.053 2.933 
3.5x 2.512 2.590 
 
Shell ID: ING13_211 
Analysis Date: 11/20/2013 11/19/2013 
δ13C Error: 0.035 0.075 
δ18O Error: 0.071 0.080 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
211_94y_1 250 2.666 2.826 11/20/2013 2003 0.752 2.733 
211_89y 346 2.921 2.330 11/20/2013 2002 1.136 3.014 
211_99 257 2.052 3.252 11/19/2013 2001 1.344 2.820 
211_98y 299 1.766 2.799 11/19/2013 2000 1.418 2.768 
211_97y 290 2.470 2.822 11/19/2013 1999 1.378 2.459 
211_96y 329 2.630 2.486 11/19/2013 1998 2.052 3.252 
211_95y 421 2.821 2.879 11/19/2013 1997 1.766 2.799 
211_94y_2 245 2.753 2.479 11/19/2013 1996 2.470 2.822 
211_93y 250 2.657 2.599 11/19/2013 1995 2.630 2.486 
211_92y 301 3.207 2.590 11/19/2013 1994 2.821 2.879 
211_91y 416 3.167 2.387 11/19/2013 1993 2.709 2.653 
211_90y 435 3.086 2.416 11/19/2013 1992 2.657 2.599 
211_88y 352 2.736 2.907 11/19/2013 1991 3.207 2.590 
211_04 150 0.752 2.733 11/19/2013 1990 3.167 
211_03 254 1.136 3.014 11/19/2013 1989 3.086 2.416 
211_02 280 1.344 2.820 11/19/2013 1988 2.921 2.330 
211_01y_2 318 1.446 2.864 11/19/2013 1987 2.736 2.907 
211_01y_1 260 1.390 2.673 11/19/2013 
211_00y 243 1.378 2.459 11/19/2013 
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Shell ID: ING13_277 
Analysis Date: 9/27/2014 12/11/2014 9/29/2014 
δ13C Error: 0.067 0.069 0.054 
δ18O Error: 0.094 0.212 0.178 
Notes: 277e has possible effects from etching on gold run, 277b means shell was ground down and resampled 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
277_64_3 258 1.443 2.107 9/27/2014 1977 1.340 3.493 
277_63b_3 292 1.391 1.952 9/27/2014 1976 1.368 3.274 
277_62_3 267 1.283 1.468 9/27/2014 1975 1.172 3.118 
277_61_3 339 1.774 1.804 9/27/2014 1974 1.261 3.050 
277_60_3 335 1.454 1.726 9/27/2014 1973 1.669 3.148 
277_59_3 187 1.733 1.625 9/27/2014 1972 1.467 3.099 
277_58_3 228 1.685 2.055 9/27/2014 1971 1.585 3.224 
277_57_3 339 1.590 1.865 9/27/2014 1970 1.905 3.420 
277_56_3 256 2.018 2.120 9/27/2014 1969 1.421 3.115 
277_55_3 194 1.570 1.464 9/27/2014 1968 1.547 3.608 
277_54_3 297 1.385 1.976 9/27/2014 1967 1.582 3.168 
277_53_3 351 1.706 2.258 9/27/2014 1966 1.506 3.338 
277_52_3 82+ 1.557 1.499 9/27/2014 1965 1.566 3.102 
277_51_3 277 2.117 2.393 9/27/2014 1964 1.549 
277_50_3 279 1.907 1.855 9/27/2014 1963 1.349 3.230 
277_49_3 337+ 1.694 1.981 9/27/2014 1962 1.338 3.279 
277_48_3 357 1.422 1.973 9/27/2014 1961 1.745 2.891 
277b_77_4 259 1.340 3.493 12/11/2014 1960 1.284 3.222 
277b_76_4 318 1.368 3.274 12/11/2014 1959 1.642 3.035 
277b_75_4 303 1.172 3.118 12/11/2014 1958 1.667 3.638 
277b_74_4 301 1.261 3.050 12/11/2014 1957 1.528 3.310 
277b_73_4 283 1.669 3.148 12/11/2014 1956 1.871 3.667 
277b_72_4 248 1.467 3.099 12/11/2014 1955 1.548 3.182 
277b_71_4 269 1.585 3.224 12/11/2014 1954 1.306 2.902 
277b_70_4 294 1.905 3.420 12/11/2014 1953 1.422 3.173 
277b_69_4 261 1.421 3.115 12/11/2014 1952 1.569 3.228 
277b_68_4 258 1.547 3.608 12/11/2014 1951 1.956 2.746 
277b_67_4 255 1.582 3.168 12/11/2014 1950 1.910 3.014 
277b_66_4 274 1.506 3.338 12/11/2014 1979e 1.223 2.238 
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277b_65_4 314 1.566 3.102 12/11/2014 1978e 1.290 2.155 
277b_64_4 312 1.549 3.114 12/11/2014 1977e 1.587 2.171 
277b_63_4 309 1.349 3.230 12/11/2014 1976e 1.440 1.806 
277b_62_4 268 1.338 3.279 12/11/2014 1975e 1.287 2.167 
277b_61_4 263 1.745 2.891 12/11/2014 1974e 1.438 1.921 
277b_60_4 272 1.284 3.222 12/11/2014 1973e 1.825 2.135 
277b_59_4 272 1.642 3.035 12/11/2014 1972e 1.631 2.435 
277b_58_4 266 1.667 3.638 12/11/2014 1971e 1.673 1.774 
277b_57_4 271 1.528 3.310 12/11/2014 1970e 1.986 1.846 
277b_56_4 298 1.871 3.667 12/11/2014 1969e 1.697 1.881 
277b_55_4 242 1.548 3.182 12/11/2014 1968e 1.680 1.511 
277b_54B_4 241 1.287 2.986 12/11/2014 1967e 1.598 1.724 
277b_54A_4 291 1.325 2.817 12/11/2014 1966e 1.747 2.361 
277b_53_4 290 1.422 3.173 12/11/2014 1965e 1.676 2.361 
277b_52_4 290 1.569 3.228 12/11/2014 1964e 1.443 2.107 
277b_51A_4 294 1.956 2.746 12/11/2014 1963e 1.465 2.071 
277b_50A_4 293 1.910 3.014 12/11/2014 1962e 1.283 1.468 
277_79_5 302 1.223 2.238 9/29/2014 1961e 1.774 1.804 
277_78_5 263 1.290 2.155 9/29/2014 1960e 1.454 1.726 
277_77_5 389 1.587 2.171 9/29/2014 1959e 1.733 1.625 
277_76c_5 274 1.405 1.826 9/29/2014 1958e 1.685 2.055 
277_76b_5 289 1.507 1.686 9/29/2014 1957e 1.590 1.865 
277_76a_5 305 1.407 1.907 9/29/2014 1956e 2.018 2.120 
277_75b_5 376 1.279 2.352 9/29/2014 1955e 1.570 1.464 
277_75a_5 268+ 1.296 1.982 9/29/2014 1954e 1.385 1.976 
277_74_5 333 1.438 1.921 9/29/2014 1953e 1.706 2.258 
277_73_5 338 1.825 2.135 9/29/2014 1952e 1.557 1.499 
277_72_5 372 1.631 2.435 9/29/2014 1951e 2.117 2.393 
277_71_5 252 1.673 1.774 9/29/2014 1950e 1.907 1.855 
277_70_5 175+ 1.986 1.846 9/29/2014 1949e 1.694 1.981 
277_69b_5 302 1.765 1.797 9/29/2014 1948e 1.422 1.973 
277_69a_5 305 1.629 1.965 9/29/2014 
277_68_5 197+ 1.680 1.511 9/29/2014 
277_67_5 241+ 1.598 1.724 9/29/2014 
277_66_5 204 1.747 2.361 9/29/2014 
277_65_5 325 1.676 2.361 9/29/2014 
277_63a_5 316 1.539 2.189 9/29/2014 
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Shell ID: ING13_268 
Analysis Date: 10/2/2014 10/1/2014 
δ13C Error: 0.070 0.104 
δ18O Error: 0.269 0.145 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
268_50 232 1.143 2.630 10/2/2014 1950 1.143 2.630 
268_49 240 1.379 2.885 10/2/2014 1949 1.379 2.885 
268_48 210 1.432 2.674 10/2/2014 1948 1.432 2.674 
268_47 175+ 1.582 2.680 10/2/2014 1947 1.582 2.680 
268_46 266 1.429 2.628 10/2/2014 1946 1.429 2.628 
268_45 233 1.590 2.729 10/2/2014 1945 1.590 2.729 
268_44 307 1.559 2.892 10/2/2014 1944 1.559 2.892 
268_41_42 213 1.449 2.480 10/2/2014 1943 1.578 3.263 
268_40 295 1.421 2.940 10/2/2014 ave42w41 1.449 2.480 
268_39 261 1.289 2.480 10/2/2014 1940 1.421 2.940 
268_38 257 1.348 2.641 10/2/2014 1939 1.289 2.480 
268_37 377 1.581 2.872 10/2/2014 1938 1.348 2.641 
268_36 377 1.684 3.037 10/2/2014 1937 1.581 2.872 
268_35 324 1.572 2.724 10/2/2014 1936 1.684 3.037 
268_34 262 1.526 2.554 10/2/2014 1935 1.572 2.724 
268_33 189 1.569 2.656 10/2/2014 1934 1.526 2.554 
268_43 216 1.578 3.263 10/1/2014 1933 1.569 2.656 
268_32 310 1.715 3.289 10/1/2014 1932 1.715 3.289 
268_31 237 1.765 2.974 10/1/2014 1931 1.765 2.974 
268_30 269 1.875 3.178 10/1/2014 1930 1.875 3.178 
268_29 271 1.843 3.091 10/1/2014 1929 1.843 3.091 
268_28 344 1.894 3.095 10/1/2014 1928 1.894 3.095 
268_27 292 1.850 3.260 10/1/2014 1927 1.850 3.260 
268_26 303 1.826 3.156 10/1/2014 1926 1.826 3.156 
268_25 246 1.848 3.180 10/1/2014 1925 1.848 3.180 
268_24 328 1.712 3.341 10/1/2014 1924 1.712 3.341 
268_23 320 1.761 3.016 10/1/2014 1923 1.761 3.016 
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268_22 266 2.415 3.418 10/1/2014 1922 2.415 3.418 
268_21 335 1.581 2.997 10/1/2014 1921 1.581 2.997 
268_20 274 1.532 2.850 10/1/2014 1920 1.532 2.850 
268_19 326 1.660 3.196 10/1/2014 1919 1.660 3.196 
268_18 327 1.806 3.286 10/1/2014 1918 1.806 3.286 
268_17 258 1.664 2.954 10/1/2014 1917 1.664 2.954 
268_16 334 1.718 3.521 10/1/2014 1916 1.718 3.521 
268_15B 272 1.405 2.896 10/1/2014 1915 1.368 3.077 
268_15A 242 1.331 3.258 10/1/2014 1914 1.705 2.908 
268_14 215 1.705 2.908 10/1/2014 1913 1.616 3.132 
268_13 278 1.616 3.132 10/1/2014 1912 1.716 3.093 
268_12 298 1.716 3.093 10/1/2014 1911 1.768 3.322 
268_11 369 1.768 3.322 10/1/2014 1910 1.738 2.991 
268_10 263 1.738 2.991 10/1/2014 1909 1.751 3.285 
268_09 361 1.751 3.285 10/1/2014 1908 1.999 3.098 
268_08 212 1.999 3.098 10/1/2014 1907 2.016 3.035 
268_07 216 2.016 3.035 10/1/2014 1906 2.243 3.032 
268_06 271 2.243 3.032 10/1/2014 1905 2.345 2.931 
268_05 278 2.345 2.931 10/1/2014 1904 2.329 2.759 
268_04 279 2.329 2.759 10/1/2014 
 
 
Shell ID: DC13_B3_001 
Analysis Date: 12/12/2014 1/13/2015 1/29/2015 
δ13C Error: 0.107 0.08 0.07 
δ18O Error: 0.099 0.224 0.104 
Notes: this shell was successfully crossdated! 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
B3001_110 296 1.845 2.843 12/12/2014 1780 1.149 3.174 
B3001_109 295 1.921 2.747 12/12/2014 1779 0.895 3.061 
B3001_108 289 2.072 2.607 12/12/2014 1778 0.645 2.719 
B3001_107 248 2.397 2.952 12/12/2014 1777 0.884 3.249 
B3001_106 308 2.334 2.613 12/12/2014 1776 0.885 3.241 
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B3001_105 292 2.009 2.992 12/12/2014 1775 0.715 3.325 
B3001_104 284 2.076 2.529 12/12/2014 1774 0.810 2.835 
B3001_103 294 2.126 2.351 12/12/2014 1773 0.796 2.774 
B3001_102B 279 2.207 2.368 12/12/2014 1772 0.958 3.418 
B3001_102A 269 2.193 2.522 12/12/2014 1771 1.178 3.003 
B3001_101 275 2.348 2.478 12/12/2014 1770 1.239 3.323 
B3001_101 275 1767.24 -1.556 12/12/2014 1769 1.335 2.943 
B3001_100 277 2.018 2.550 12/12/2014 1768 1.130 2.891 
B3001_139 274 1.149 3.174 1/13/2015 1767 1.052 
B3001_138B 281 0.866 3.092 1/13/2015 1766 1.029 2.972 
B3001_138A 260 0.924 3.029 1/13/2015 1765 1.120 3.474 
B3001_137A 257 0.680 2.653 1/13/2015 1764 1.582 3.163 
B3001_136 254 0.884 3.249 1/13/2015 1763 1.349 2.845 
B3001_135 270 0.885 3.241 1/13/2015 1762 1.738 2.821 
B3001_134 275 0.715 3.325 1/13/2015 1761 1.946 3.077 
B3001_133 297 0.810 2.835 1/13/2015 1760 1.629 3.103 
B3001_132 277 0.796 2.774 1/13/2015 1759 1.245 2.803 
B3001_131 276 0.958 3.418 1/13/2015 1758 1.184 2.937 
B3001_130 275 1.178 3.003 1/13/2015 1757 1.224 2.840 
B3001_129 281 1.239 3.323 1/13/2015 1756 1.829 2.881 
B3001_128 291 1.335 2.943 1/13/2015 1755 1.877 3.167 
B3001_127 284 1.130 2.891 1/13/2015 1754 1.964 2.919 
B3001_126 299 1.052 3.525 1/13/2015 1753 1.934 2.786 
B3001_125 261 1.029 2.972 1/13/2015 1752 1.809 2.910 
B3001_124 276 1.120 3.474 1/13/2015 1751 1.845 2.843 
B3001_123 253 1.582 3.163 1/13/2015 1750 1.921 2.747 
B3001_122B 303 1.338 2.860 1/13/2015 1749 2.072 2.607 
B3001_122A 268 1.360 2.830 1/13/2015 1748 2.397 2.952 
B3001_121 288 1.738 2.821 1/13/2015 1747 2.334 2.613 
B3001_120 274 1.946 3.077 1/13/2015 1746 2.009 2.992 
B3001_119 273 1.629 3.103 1/13/2015 1745 2.076 2.529 
B3001_118 269 1.245 2.803 1/13/2015 1744 2.126 2.351 
B3001_117 287 1.184 2.937 1/13/2015 1743 2.200 2.445 
B3001_116 276 1.224 2.840 1/13/2015 1742 2.348 2.478 
B3001_115 307 1.829 2.881 1/13/2015 1741 2.018 2.550 
B3001_114 287 1.877 3.167 1/13/2015 
B3001_113 269 1.964 2.919 1/13/2015 
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B3001_112A 311 2.014 2.783 1/13/2015 
B3001_111 274 1.809 2.910 1/13/2015 
B3001_137b 269 0.611 2.785 1/29/2015 
B3001_112b 276 1.855 2.789 1/29/2015 
 
Shell ID: DC13_B3_025 
Analysis Date: 1/14/2015 1/29/2015 1/30/2015 
δ13C Error: 0.103 0.07 0.06 
δ18O Error: 0.212 0.104 0.256 
Notes: shell not crossdated, POOR corrections and peaks for 11215 run (clogged needle?) 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
B3025_136 267 1.196 4.012 1/14/2015 139x 0.919 3.881 
B3025_135 277 1.159 3.442 1/14/2015 140x 0.981 3.150 
B3025_134 264 1.398 3.698 1/14/2015 141x 1.110 3.573 
B3025_133 305 1.428 3.567 1/14/2015 142x 1.196 4.012 
B3025_132 275 1.219 3.512 1/14/2015 143x 1.159 3.442 
B3025_131 276 1.209 4.345 1/14/2015 144x 1.398 3.698 
B3025_130 296 0.946 3.842 1/14/2015 145x 1.428 3.567 
B3025_129 290 0.970 4.233 1/14/2015 146x 1.219 3.512 
B3025_128 275 1.308 3.561 1/14/2015 147x 1.209 4.345 
B3025_127 297 1.234 4.237 1/14/2015 148x 0.946 3.842 
B3025_126B 318 1.188 4.019 1/14/2015 149x 0.970 4.233 
B3025_126A 315 1.162 4.196 1/14/2015 150x 1.308 3.561 
B3025_124 283 1.013 3.629 1/29/2015 151x 1.234 4.237 
B3025_123 269 0.936 3.876 1/29/2015 152x 1.175 
B3025_122 316 0.585 3.590 1/29/2015 153x 1.229 3.694 
B3025_121 266 0.922 3.323 1/29/2015 154x 1.013 3.629 
B3025_120 255 0.911 3.687 1/29/2015 155x 0.936 3.876 
B3025_119b 352 1.234 3.433 1/29/2015 156x 0.585 3.590 
B3025_119a 297 1.151 3.552 1/29/2015 157x 0.922 3.323 
B3025_118b 287 1.120 3.703 1/29/2015 158x 0.911 3.687 
B3025_118a 282 1.328 3.747 1/29/2015 159x 1.193 3.492 
B3025_117 289 1.089 3.823 1/29/2015 160x 1.224 3.725 
B3025_116 271 0.659 3.701 1/29/2015 161x 1.089 3.823 
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B3025_115 298 0.943 3.504 1/29/2015 162x 0.659 3.701 
B3025_114 298 1.029 3.354 1/29/2015 163x 0.943 3.504 
B3025_113 290 1.043 3.352 1/29/2015 164x 1.029 3.354 
B3025_112 270 1.069 3.654 1/29/2015 165x 1.043 3.352 
B3025_111 268 1.475 3.785 1/29/2015 166x 1.069 3.654 
B3025_110 291 1.511 2.076 1/29/2015 167x 1.475 3.785 
B3025_109 309 0.968 3.105 1/29/2015 168x 1.511 2.076 
B3025_108 0.914 3.216 1/29/2015 169x 0.968 3.105 
B3025_107 302 1.327 3.350 1/29/2015 170x 0.914 3.216 
B3025_106 296 1.688 3.842 1/29/2015 171x 1.327 3.350 
B3025_105 263 1.768 3.386 1/29/2015 172x 1.688 3.842 
B3025_104 324 1.773 3.359 1/29/2015 173x 1.768 3.386 
B3025_103 307 1.725 3.318 1/29/2015 174x 1.773 3.359 
B3025_102 258 1.578 3.285 1/29/2015 175x 1.725 3.318 
B3025_101 280 1.549 3.385 1/29/2015 176x 1.578 3.285 
B3025_100 280 1.572 3.321 1/29/2015 177x 1.549 3.385 
B3025_139 297 0.919 3.881 1/30/2015 178x 1.572 3.321 
B3025_138 270 0.981 3.150 1/30/2015 
B3025_137 309 1.110 3.573 1/30/2015 
B3025_125 276 1.229 3.694 1/30/2015 
 
Shell ID: ING13_239 
Analysis Date: 1/14/2015 1/30/2015 
δ13C Error: 0.103 0.06 
δ18O Error: 0.212 0.256 
Notes: poor corrections and peaks for 11415 (clogged needle?), big offset after removing 2 standards 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
239_2002 250 2.229 2.824 1/14/2015 2005 1.606 2.520 
239_2001 239 2.461 3.398 1/14/2015 2004 1.938 1.766 
239_02h 283 2.429 3.849 1/14/2015 2003 2.253 2.588 
239_02g 311 1.540 2.759 1/14/2015 2002 2.229 2.824 
239_02f 289 1.836 2.702 1/14/2015 2001 2.461 3.398 
239_02e 298 2.157 2.861 1/14/2015 
239_02d 313 2.519 2.904 1/14/2015 SUBSEASONAL AVERAGES 
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239_02c 311 2.424 3.140 1/14/2015 year d13C d18O 
239_02b 288 2.291 2.954 1/14/2015 2005.89 1.396 2.021 
239_02a 297 2.000 3.661 1/14/2015 2005.78 1.297 2.103 
239_01h 282 2.441 2.674 1/14/2015 2005.67 1.551 2.257 
239_01g 311 2.308 2.851 1/14/2015 2005.56 1.941 1.859 
239_01f 312 2.402 3.070 1/14/2015 2005.44 2.034 2.395 
239_01end 191 1.280 3.087 1/14/2015 2005.33 1.914 
239_01e1 293 2.384 2.817 1/14/2015 2005.22 1.660 3.479 
239_01d 213 2.656 3.483 1/14/2015 2005.11 1.497 3.651 
239_01c2 285 2.473 2.884 1/14/2015 2004.89 1.587 1.537 
239_01c 291 2.529 3.208 1/14/2015 2004.78 1.663 2.367 
239_01b2 247 2.615 3.540 1/14/2015 2004.67 1.912 1.858 
239_01b1 318 2.382 3.468 1/14/2015 2004.56 2.245 2.368 
239_01a 290 1.795 3.868 1/14/2015 2004.44 2.362 3.089 
239_2005 235 1.606 2.520 1/30/2015 2004.33 2.221 2.565 
239_2004 236 1.938 1.766 1/30/2015 2004.22 1.976 3.383 
239_2003 249 2.253 2.588 1/30/2015 2004.11 2.084 2.431 
239_05h 328 1.396 2.021 1/30/2015 2003.89 1.665 2.695 
239_05g 302 1.297 2.103 1/30/2015 2003.78 2.198 1.340 
239_05f 315 1.551 2.257 1/30/2015 2003.67 2.205 1.860 
239_05e 298 1.941 1.859 1/30/2015 2003.56 2.379 1.569 
239_05d 353 2.034 2.395 1/30/2015 2003.44 2.368 1.882 
239_05c 239 1.914 3.273 1/30/2015 2003.33 2.335 2.648 
239_05b 339 1.660 3.479 1/30/2015 2003.22 2.430 2.143 
239_05a 269 1.497 3.651 1/30/2015 2003.11 2.406 2.396 
239_04h2 304 1.496 1.472 1/30/2015 2002.88x 2.429 3.849 
239_04h1 293 1.678 1.601 1/30/2015 2002.75x 1.540 2.759 
239_04g 291 1.663 2.367 1/30/2015 2002.63x 2.157 2.861 
239_04f 305 1.912 1.858 1/30/2015 2002.5x 2.519 2.904 
239_04e 277 2.245 2.368 1/30/2015 2002.38x 2.424 3.140 
239_04d 304 2.362 3.089 1/30/2015 2002.25x 2.291 2.954 
239_04c 309 2.221 2.565 1/30/2015 2002.13x 2.000 3.661 
239_04b 266 1.976 3.383 1/30/2015 2001.89x 2.441 2.674 
239_04a 307 2.084 2.431 1/30/2015 2001.78x 2.308 2.851 
239_03h 273 1.665 2.695 1/30/2015 2001.67x 2.402 3.070 
239_03g 281 2.198 1.340 1/30/2015 2001.56x 2.384 2.817 
239_03f 297 2.205 1.860 1/30/2015 2001.44x 2.656 3.483 
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239_03e 300 2.379 1.569 1/30/2015 2001.33x 2.501 3.046 
239_03d 302 2.368 1.882 1/30/2015 2001.22x 2.499 3.504 
239_03c 295 2.335 2.648 1/30/2015 2001.11x 1.795 3.868 
239_03b 324 2.430 2.143 1/30/2015 
239_03a 286 2.406 2.396 1/30/2015 
 
Shell ID: ING15_007 
Analysis Date: 2/26/2017 
δ13C Error: 0.104 
δ18O Error: 0.273 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
007A_2013 251 1.171 3.143 2/26/2017 2013 1.266 3.093 
007A_2012 348 1.391 3.368 2/26/2017 2012 1.410 3.250 
007A_2011 324 1.379 4.040 2/26/2017 2011 1.409 3.899 
007A_2010 252 0.838 2.992 2/26/2017 2010 0.934 3.392 
007A_2009 270 1.304 4.070 2/26/2017 2009 1.353 3.750 
007A_2008 323 1.353 2.852 2/26/2017 2008 1.381 3.153 
007A_2007 384 1.283 3.719 2/26/2017 2007 1.309 3.383 
007A_2006 267 1.299 3.581 2/26/2017 2006 1.384 3.420 
007A_2005 326 53.818 128.760 2/26/2017 2005 1.284 3.425 
007A_2004_2 263 1.338 2.880 2/26/2017 2004 1.394 2.501 
007A_2004_1 275 1.477 2.984 2/26/2017 2003 1.287 3.295 
007A_2003_2 287 1.243 2.959 2/26/2017 2002 1.440 3.099 
007A_2003_1 320 1.346 3.325 2/26/2017 2001 1.886 3.287 
007A_2002 316 1.072 2.550 2/26/2017 2000 1.467 
007A_2001 274 1.291 2.759 2/26/2017 1999 2.251 2.766 
007A_2000_2 317 1.495 3.194 2/26/2017 2013A 1.171 3.143 
007A_2000_1 274 1.455 2.848 2/26/2017 2012A 1.391 3.368 
007A_1999_4 347 2.281 3.112 2/26/2017 2011A 1.379 4.040 
007A_1999_3 355 2.217 2.569 2/26/2017 2010A 0.838 2.992 
007A_1999_2 308 2.403 2.511 2/26/2017 2009A 1.304 4.070 
007A_1999_1 278 2.262 2.894 2/26/2017 2008A 1.353 2.852 
007B_2013 331 1.361 3.043 2/26/2017 2007A 1.283 3.719 
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007B_2012 334 1.428 3.132 2/26/2017 2006A 1.299 3.581 
007B_2011 387 1.438 3.759 2/26/2017 2004A 1.408 2.932 
007B_2010 371 1.030 3.792 2/26/2017 2003A 1.294 3.142 
007B_2009 366 1.401 3.429 2/26/2017 2002A 1.455 2.848 
007B_2008 371 1.409 3.453 2/26/2017 2001A 2.281 3.112 
007B_2007 388 1.334 3.047 2/26/2017 2000A 1.475 3.021 
007B_2006 348 1.469 3.259 2/26/2017 1999A 2.291 2.771 
007B_2005 355 1.284 3.425 2/26/2017 2013B 1.361 3.043 
007B_2004_2 314 1.347 1.079 2/26/2017 2012B 1.428 3.132 
007B_2004_1 329 1.413 3.060 2/26/2017 2011B 1.438 3.759 
007B_2003_2 395 1.320 3.548 2/26/2017 2010B 1.030 3.792 
007B_2003_1 382 1.239 3.348 2/26/2017 2009B 1.401 3.429 
007B_2002 394 0.997 3.167 2/26/2017 2008B 1.409 3.453 
007B_2001 340 1.432 3.382 2/26/2017 2007B 1.334 3.047 
007B_2000_2 324 1.425 3.350 2/26/2017 2006B 1.469 3.259 
007B_2000_1 383 1.491 3.462 2/26/2017 2005B 1.284 3.425 
007B_1999_4 368 2.282 2.286 2/26/2017 2004B 1.380 2.069 
007B_1999_3 292 2.245 2.996 2/26/2017 2003B 1.280 3.448 
007B_1999_2 287 2.241 2.784 2/26/2017 2002B 1.425 3.350 
007B_1999_1 319 2.076 2.979 2/26/2017 2001B 1.491 3.462 
2000B 1.458 3.406 
1999B 2.211 2.761 
 
Shell ID: ING15_017 
Analysis Date: 11/15/2015 11/17/2015 
δ13C Error: 0.097 0.137 
δ18O Error: 0.268 0.117 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
017b_12 320 1.515 3.092 11/15/2015 2012 1.423 2.959 
017b_11 303 1.490 3.235 11/15/2015 2011 1.414 3.243 
017b_10 252 1.195 3.066 11/15/2015 2010 1.038 3.415 
017b_09 344 1.350 3.387 11/15/2015 2009 1.301 2.912 
017b_08 281 1.541 3.203 11/15/2015 2008 1.470 3.152 
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017b_07 321 1.635 2.996 11/15/2015 2007 1.501 3.049 
017b_06 305 1.223 2.910 11/15/2015 2006 1.138 3.094 
017b_05 240 0.909 2.471 11/15/2015 2005 0.966 2.504 
017b_04 309 1.574 3.194 11/15/2015 2004 1.534 3.167 
017b_03 267 1.767 3.060 11/15/2015 2003 1.904 2.775 
017b_02 319 1.686 2.644 11/15/2015 2002 1.538 2.631 
017b_01 278 1.594 3.550 11/15/2015 2001 1.690 3.294 
017b_00 283 2.479 2.133 11/15/2015 2000 2.428 2.120 
017b_99_1 340 2.379 2.918 11/15/2015 1999 2.422 
017b_98_1 277 2.250 1.943 11/15/2015 1998 2.237 2.544 
017b_97_1 364 2.732 2.992 11/15/2015 1997 2.562 2.540 
017b_96_1 213 2.734 2.805 11/15/2015 1996 2.534 2.778 
017b_95_1 349 2.783 2.819 11/15/2015 1995 2.670 2.780 
017b_94_1 295 2.705 3.079 11/15/2015 1994 2.739 2.871 
017a_12 335 1.331 2.826 11/15/2015 1993 2.912 3.038 
017a_11 306 1.338 3.250 11/15/2015 1992 2.865 2.727 
017a_10 258 0.881 3.765 11/15/2015 1991 2.818 3.380 
017a_09 321 1.252 2.438 11/15/2015 1990 2.704 2.593 
017a_08 296 1.400 3.101 11/15/2015 2012B 1.515 3.092 
017a_07_1 305 1.603 3.402 11/15/2015 2011B 1.490 3.235 
017a_06 292 1.054 3.277 11/15/2015 2010B 1.195 3.066 
017a_05 172 1.022 2.538 11/15/2015 2009B 1.350 3.387 
017a_04 256 1.495 3.141 11/15/2015 2008B 1.541 3.203 
017a_03 343 2.042 2.490 11/15/2015 2007B 1.635 2.996 
017a_02 371 1.391 2.618 11/15/2015 2006B 1.223 2.910 
017a_01 275 1.787 3.038 11/15/2015 2005B 0.909 2.471 
017a_00 319 2.376 2.107 11/15/2015 2004B 1.574 3.194 
017a_99_1 339 2.464 2.734 11/15/2015 2003B 1.767 3.060 
017a_98_1 283 2.337 3.127 11/15/2015 2002B 1.686 2.644 
017a_97 337 2.638 2.295 11/15/2015 2001B 1.594 3.550 
017a_96_1 339 2.642 2.700 11/15/2015 2000B 2.479 2.133 
017a_95_1 305 2.682 2.586 11/15/2015 1999B 2.379 2.918 
017a_94_1 295 2.548 2.498 11/15/2015 1998B 2.214 2.287 
017b_98_2 347 2.177 2.630 11/17/2015 1997B 2.485 2.786 
017b_97_2 255 2.239 2.579 11/17/2015 1996B 2.607 2.755 
017b_96_2 373 2.480 2.704 11/17/2015 1995B 2.611 2.718 
017b_95_2 318 2.438 2.617 11/17/2015 1994B 2.800 3.114 
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017b_94_2 383 2.895 3.150 11/17/2015 1993B 2.853 3.017 
017b_93_2 335 2.754 3.051 11/17/2015 1992B 2.892 2.742 
017b_93_1 314 2.951 2.983 11/17/2015 1991B 2.818 3.380 
017b_92_2 293 2.833 2.500 11/17/2015 1990B 2.704 2.593 
017b_91_2 398 2.818 3.380 11/17/2015 2012A 1.331 2.826 
017b_90h 312 2.072 2.593 11/17/2015 2011A 1.338 3.250 
017b_90g 281 2.297 2.441 11/17/2015 2010A 0.881 3.765 
017b_90f 309 1.991 2.219 11/17/2015 2009A 1.252 2.438 
017b_90e 286 2.593 2.237 11/17/2015 2008A 1.400 3.101 
017b_90d 281 3.025 2.480 11/17/2015 2007A 1.366 3.102 
017b_90c 295 2.906 2.358 11/17/2015 2006A 1.054 3.277 
017b_90b 244 2.634 2.570 11/17/2015 2005A 1.022 2.538 
017b_90a 262 2.644 2.747 11/17/2015 2004A 1.495 3.141 
017b_90_2 307 2.483 2.626 11/17/2015 2003A 2.042 2.490 
017b_90_1 306 2.924 2.559 11/17/2015 2002A 1.391 2.618 
017a_98_2 281 2.183 2.476 11/17/2015 2001A 1.787 3.038 
017a_97_2 314 2.381 2.830 11/17/2015 2000A 2.376 2.107 
017a_96_2 240 2.281 2.901 11/17/2015 1999A 2.464 2.734 
017a_95_2 273 2.777 3.099 11/17/2015 1998A 2.260 2.801 
017a_94_2 362 2.807 2.756 11/17/2015 1997A 2.638 2.295 
017a_93_2 352 2.971 3.059 11/17/2015 1996A 2.462 2.801 
017a_92_2 273 2.837 2.713 11/17/2015 1995A 2.730 2.842 
017a_90h 261 2.112 2.844 11/17/2015 1994A 2.677 2.627 
017a_90g 252 2.396 2.538 11/17/2015 1993A 2.971 3.059 
017a_90f 287 2.260 2.258 11/17/2015 1992A 2.837 2.713 
017a_90e 253 2.538 2.270 11/17/2015 
017a_90d 328 2.957 2.286 11/17/2015 SUBSEASONAL AVERAGES 
017a_90c 287 3.075 2.521 11/17/2015 year δ13C δ18O 
017a_90b 282 2.828 2.571 11/17/2015 1990.88A 2.072 2.072 
017a_90a 354 2.770 2.733 11/17/2015 1990.77A 2.297 2.297 
017a_90_2 335 2.848 2.663 11/17/2015 1990.66A 1.991 1.991 
017a_90_1 349 2.772 2.603 11/17/2015 1990.55A 2.593 2.593 
017a_07_2 256 1.129 2.801 11/17/2015 1990.44A 3.025 3.025 
1990.33A 2.906 2.906 
1990.22A 2.634 2.634 
1990.11A 2.644 2.644 
1990.88A 2.112 2.112 
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1990.77A 2.396 2.396 
1990.66A 2.260 2.260 
1990.55A 2.538 2.538 
1990.44A 2.957 2.957 
1990.33A 3.075 3.075 
1990.22A 2.828 2.828 
1990.11A 2.770 2.770 
 
Shell ID: ING15_013 
Analysis Date: 6/29/2016 
δ13C Error: 0.089 
δ18O Error: 0.077 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
013B_2014 255 0.961 2.832 6/29/2016 2014 0.986 2.726 
013B_2013 395 1.275 2.906 6/29/2016 2013 1.280 2.853 
013B_2012_2 209 1.476 2.412 6/29/2016 2012 1.610 2.552 
013B_2012_1 260 1.617 2.758 6/29/2016 2011 1.549 3.065 
013B_2011 336 1.536 3.291 6/29/2016 2010 1.359 2.993 
013B_2010 414 1.365 3.059 6/29/2016 2009 1.143 2.856 
013B_2009_2 277 1.129 2.945 6/29/2016 2008 1.286 3.059 
013B_2009_1 266 0.969 2.905 6/29/2016 2007 1.259 2.890 
013B_2008 374 1.152 3.076 6/29/2016 2006 1.294 2.981 
013B_2007 380 1.199 2.941 6/29/2016 2005 1.066 2.887 
013B_2006 362 1.169 3.077 6/29/2016 2004 1.470 3.056 
013B_2005 389 1.132 2.906 6/29/2016 2003 1.350 2.995 
013B_2004 425 1.542 2.946 6/29/2016 2002 1.365 2.781 
013B_2003_2 287 1.435 2.972 6/29/2016 2001 1.969 
013B_2003_1 259 1.224 3.057 6/29/2016 2014B 0.961 2.832 
013B_2002_2 197 1.261 2.757 6/29/2016 2013B 1.275 2.906 
013B_2002_1 291 1.295 2.596 6/29/2016 2012B 1.547 2.585 
013B_2001_2 322 1.973 2.683 6/29/2016 2011B 1.536 3.291 
013B_2001_1 275 1.956 2.536 6/29/2016 2010B 1.365 3.059 
013A_2014 410 1.011 2.620 6/29/2016 2009B 1.049 2.925 
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013A_2013 383 1.285 2.800 6/29/2016 2007B 1.199 2.941 
013A_2012_2 343 1.716 2.644 6/29/2016 2006B 1.169 3.077 
013A_2012_1 363 1.632 2.394 6/29/2016 2005B 1.132 2.906 
013A_2011 284 1.561 2.839 6/29/2016 2004B 1.542 2.946 
013A_2010 386 1.353 2.926 6/29/2016 2003B 1.330 3.015 
013A_2009_2 275 1.199 2.772 6/29/2016 2002B 1.278 2.677 
013A_2009_1 326 1.273 2.801 6/29/2016 2001B 1.965 2.610 
013A_2008 375 1.286 3.059 6/29/2016 2014A 1.011 2.620 
013A_2007 299 1.319 2.838 6/29/2016 2013A 1.285 2.800 
013A_2006 423 1.419 2.885 6/29/2016 2012A 1.674 2.519 
013A_2005 417 1.000 2.868 6/29/2016 2011A 1.561 2.839 
013A_2004 388 1.398 3.165 6/29/2016 2010A 1.353 2.926 
013A_2003_2 342 1.334 3.073 6/29/2016 2009A 1.236 2.787 
013A_2003_1 260 1.407 2.876 6/29/2016 2008A 1.286 3.059 
013A_2002_2 247 1.360 2.649 6/29/2016 2007A 1.319 2.838 
013A_2002_1 293 1.544 3.123 6/29/2016 2006A 1.419 2.885 
013A_2001_2 301 1.915 2.572 6/29/2016 2005A 1.000 2.868 
013A_2001_1 303 2.032 2.288 6/29/2016 2004A 1.398 3.165 
2003A 1.371 2.975 
2002A 1.452 2.886 
2001A 1.974 2.430 
 
Shell ID: ING16_024 
Analysis Date: 11/29/2016 11/30/2016 12/1/2016 
δ13C Error: 0.073 16 0.043 
δ18O Error: 0.402 0.167 0.095 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
024_01 491 1.835 3.444 11/29/2016 1.1 1.835 3.444 
024_02 399 2.219 2.969 11/29/2016 1.2 2.219 2.969 
024_03 400 2.300 2.720 11/29/2016 1.3 2.300 2.720 
024_04 420 2.377 2.733 11/29/2016 1.4 2.377 2.733 
024_05 367 2.187 2.460 11/29/2016 1.5 2.187 2.460 
024_06 358 2.116 2.429 11/29/2016 1.6 2.116 2.429 
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024_07 421 2.251 2.183 11/29/2016 1.7 2.251 2.183 
024_08 409 2.453 2.326 11/29/2016 1.8 2.453 2.326 
024_09 389 2.330 2.068 11/29/2016 1.9 2.330 2.068 
024_10 399 2.427 2.264 11/29/2016 2 2.427 2.264 
024_11 370 2.282 2.181 11/29/2016 2.1 2.282 2.181 
024_12 380 2.358 1.941 11/29/2016 2.2 2.358 1.941 
024_13 364 2.335 1.793 11/29/2016 2.3 2.335 1.793 
024_14 348 2.213 1.897 11/29/2016 2.4 2.213 
024_15 353 2.254 1.418 11/29/2016 2.5 2.254 1.418 
024_16x 465 2.224 1.543 11/29/2016 2.6 2.224 1.543 
024_17x 2.137 0.805 11/29/2016 2.7 2.137 0.805 
024_18 464 1.985 1.507 11/29/2016 2.8 1.985 1.507 
024_19 403 1.961 1.778 11/29/2016 2.9 1.961 1.778 
024_20 426 2.159 1.922 11/29/2016 3 2.159 1.922 
024_21 424 1.827 1.810 11/29/2016 3.1 1.827 1.810 
024_22 352 1.491 2.378 11/29/2016 3.2 1.491 2.378 
024_23 460 1.845 2.947 11/29/2016 3.3 1.845 2.947 
024_24 432 2.259 3.019 11/29/2016 3.4 2.259 3.019 
024_25 460 2.325 2.518 11/29/2016 3.5 2.325 2.518 
024_26 409 2.410 2.820 11/29/2016 3.6 2.410 2.820 
024_27 235 2.609 2.690 11/29/2016 3.7 2.609 2.690 
024_28 330 2.389 2.209 11/29/2016 3.8 2.389 2.209 
024_29 299 2.454 2.376 11/29/2016 3.9 2.454 2.376 
024_30 335 2.313 2.279 11/29/2016 4 2.313 2.279 
024_31 313 2.354 2.511 11/29/2016 4.1 2.354 2.511 
024_32 180 2.220 2.347 11/29/2016 4.2 2.220 2.347 
024_33 383 2.070 2.401 11/29/2016 4.3 2.070 2.401 
024_39_1 245 2.650 1.871 11/29/2016 4.4 2.351 1.815 
024_42_1 300 2.338 1.427 11/29/2016 4.5 2.604 1.952 
024_60_1 423 2.693 2.206 11/29/2016 4.6 2.658 1.847 
024_73_1 306 1.708 2.358 11/29/2016 4.7 2.568 1.841 
024_83_1 289 2.266 1.993 11/29/2016 4.8 2.625 2.180 
024_72 377 2.066 1.974 11/30/2016 4.9 2.667 1.751 
024_70 428 1.852 1.857 11/30/2016 5 2.751 1.784 
024_66 487 2.686 2.181 11/30/2016 5.1 2.440 1.718 
024_65 441 2.755 2.236 11/30/2016 5.2 2.292 1.512 
024_63 527 2.364 2.098 11/30/2016 5.3 2.324 1.883 
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024_62 251 2.316 1.912 11/30/2016 5.4 2.358 1.349 
024_61 356 2.526 2.236 11/30/2016 5.5 2.334 1.712 
024_60_2 299 2.603 2.301 11/30/2016 5.6 2.768 1.877 
024_59 441 2.761 2.144 11/30/2016 5.7 2.444 1.924 
024_58 366 2.486 2.373 11/30/2016 5.8 2.360 2.069 
024_57 539 2.391 2.411 11/30/2016 5.9 2.364 2.194 
024_56 324 2.379 2.351 11/30/2016 6 2.101 1.928 
024_55 243 2.360 2.162 11/30/2016 6.1 1.647 2.065 
024_54 334 2.370 2.403 11/30/2016 6.2 1.987 2.764 
024_53 329 2.248 2.759 11/30/2016 6.3 2.767 3.103 
024_52 383 2.350 2.725 11/30/2016 6.4 2.350 2.725 
024_51 391 2.767 3.103 11/30/2016 6.5 2.248 2.759 
024_50 389 1.987 2.764 11/30/2016 6.6 2.370 2.403 
024_49 315 1.647 2.065 11/30/2016 6.7 2.360 2.162 
024_48 343 2.101 1.928 11/30/2016 6.8 2.379 2.351 
024_47 385 2.364 2.194 11/30/2016 6.9 2.391 2.411 
024_46 408 2.360 2.069 11/30/2016 7 2.486 2.373 
024_44.3 427 2.334 1.712 11/30/2016 7.1 2.761 2.144 
024_45 380 2.444 1.924 11/30/2016 7.2 2.648 2.254 
024_44 364 2.358 1.349 11/30/2016 7.3 2.526 2.236 
024_44.6 506 2.768 1.877 11/30/2016 7.4 2.316 1.912 
024_43 422 2.324 1.883 11/30/2016 7.5 2.364 2.098 
024_42_2 285 2.247 1.597 11/30/2016 7.6 2.767 2.303 
024_41 524 2.440 1.718 11/30/2016 7.7 2.755 2.236 
024_40 555 2.751 1.784 11/30/2016 7.8 2.686 2.181 
024_39_2 390 2.684 1.631 11/30/2016 7.9 2.552 2.209 
024_38 385 2.625 2.180 11/30/2016 8 2.368 1.994 
024_37 361 2.568 1.841 11/30/2016 8.1 2.191 1.730 
024_36 306 2.658 1.847 11/30/2016 8.2 1.852 1.857 
024_35 401 2.604 1.952 11/30/2016 8.3 2.139 2.108 
024_34 422 2.351 1.815 11/30/2016 8.4 2.066 1.974 
024_88 353 1.9710 1.8365 12/1/2016 8.5 1.678 2.384 
024_87 447 2.4917 1.9745 12/1/2016 8.6 2.150 3.056 
024_85 455 1.9205 1.8233 12/1/2016 8.7 2.266 3.051 
024_84 439 2.2398 1.9588 12/1/2016 8.8 2.421 2.749 
024_83_2 321 2.2809 2.2011 12/1/2016 8.9 2.339 2.814 
024_82 331 2.2672 2.2896 12/1/2016 9 2.390 2.668 
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024_81 340 2.1905 2.4450 12/1/2016 9.1 2.181 2.347 
024_80 365 2.1645 2.3715 12/1/2016 9.2 2.165 2.372 
024_79 366 2.1808 2.3465 12/1/2016 9.3 2.191 2.445 
024_78 492 2.3899 2.6683 12/1/2016 9.4 2.267 2.290 
024_77 423 2.3386 2.8143 12/1/2016 9.5 2.274 2.097 
024_76 472 2.4207 2.7494 12/1/2016 9.6 2.240 1.959 
024_75 471 2.2664 3.0513 12/1/2016 9.7 1.921 1.823 
024_74 441 2.1498 3.0563 12/1/2016 9.8 2.492 1.974 
024_73_2 387 1.6483 2.4106 12/1/2016 9.9 1.971 1.836 
024_71 420 2.1391 2.1076 12/1/2016 
024_69 455 2.1911 1.7300 12/1/2016 
024_68 392 2.3681 1.9936 12/1/2016 
024_67 471 2.5521 2.2092 12/1/2016 
024_64 533 2.7665 2.3032 12/1/2016 
 
 
Shell ID: DC14_B1_059 
Analysis Date: 6/15/2017 6/16/2017 
δ13C Error: 0.039 0.058 
δ18O Error: 0.081 0.111 
Notes: this shell is NOT crossdated 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
B1059_54 339 2.261 3.360 6/15/2017 1253x 2.261 3.360 
B1059_53 383 2.473 3.316 6/15/2017 1252x 2.473 3.316 
B1059_52 440 2.474 3.353 6/15/2017 1251x 2.474 3.353 
B1059_51 398 2.208 3.326 6/15/2017 1250x 2.208 3.326 
B1059_50 368 2.262 3.282 6/15/2017 1249x 2.262 3.282 
B1059_49 410 2.514 3.373 6/15/2017 1248x 2.514 3.373 
B1059_48 306 2.560 3.558 6/15/2017 1247x 2.560 3.558 
B1059_47 281 2.235 3.371 6/15/2017 1246x 2.235 3.371 
B1059_46 338 2.421 3.310 6/15/2017 1245x 2.421 3.310 
B1059_45 379 2.462 3.586 6/15/2017 1244x 2.462 3.586 
B1059_44 515 2.421 3.471 6/15/2017 1243x 2.421 3.471 
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B1059_43 539 2.369 3.671 6/15/2017 1242x 2.369 3.671 
B1059_42 364 2.196 3.502 6/15/2017 1241x 2.196 3.502 
B1059_41 375 2.210 3.648 6/15/2017 1240x 2.210 
B1059_40 378 2.596 3.428 6/15/2017 1239x 2.596 3.428 
B1059_39 316 2.303 3.649 6/15/2017 1238x 2.303 3.649 
B1059_38 281 2.436 3.469 6/15/2017 1237x 2.436 3.469 
B1059_22_2 275 2.278 3.142 6/15/2017 1236x 2.343 3.187 
B1059_15_2 290 2.831 3.488 6/15/2017 1235x 2.022 3.185 
B1059_04_2 309 2.596 2.909 6/15/2017 1234x 2.305 3.320 
B1059_02_2 281 3.262 3.468 6/15/2017 1233x 2.559 3.171 
B1059_01_2 231 3.097 3.192 6/15/2017 1232x 2.447 3.065 
B1059_37 360 2.343 3.187 6/16/2017 1231x 2.268 3.077 
B1059_36 367 2.022 3.185 6/16/2017 1230x 2.440 3.120 
B1059_35 271 2.305 3.320 6/16/2017 1229x 2.291 2.912 
B1059_34 365 2.559 3.171 6/16/2017 1228x 2.261 3.261 
B1059_33 461 2.447 3.065 6/16/2017 1227x 2.319 3.319 
B1059_32 523 2.268 3.077 6/16/2017 1226x 2.272 3.122 
B1059_31 428 2.440 3.120 6/16/2017 1225x 2.365 3.088 
B1059_30 244 2.291 2.912 6/16/2017 1224x 2.540 2.919 
B1059_29 283 2.261 3.261 6/16/2017 1223x 2.340 3.128 
B1059_27 277 2.272 3.122 6/16/2017 1222x 2.490 2.701 
B1059_26 406 2.365 3.088 6/16/2017 1221x 2.260 3.008 
B1059_25 454 2.540 2.919 6/16/2017 1220x 2.345 3.368 
B1059_24 360 2.340 3.128 6/16/2017 1219x 2.512 3.207 
B1059_23 414 2.490 2.701 6/16/2017 1218x 2.413 3.148 
B1059_22_1 272 2.241 2.875 6/16/2017 1217x 2.633 2.978 
B1059_21 450 2.345 3.368 6/16/2017 1216x 2.662 3.227 
B1059_20 285 2.512 3.207 6/16/2017 1215x 2.880 3.212 
B1059_19 271 2.413 3.148 6/16/2017 1214x 2.871 3.319 
B1059_18X 166 2.638 2.821 6/16/2017 1213x 2.737 3.218 
B1059_18 362 2.628 3.135 6/16/2017 1212x 2.758 3.379 
B1059_17 260 2.662 3.227 6/16/2017 1211x 2.914 3.147 
B1059_16 337 2.880 3.212 6/16/2017 1210x 3.020 2.908 
B1059_15_1 251 2.910 3.149 6/16/2017 1209x 2.871 2.999 
B1059_14 350 2.737 3.218 6/16/2017 1208x 2.943 2.817 
B1059_13 433 2.758 3.379 6/16/2017 1207x 3.101 2.985 
B1059_12 533 2.914 3.147 6/16/2017 1206x 2.903 2.284 
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B1059_11 477 3.020 2.908 6/16/2017 1205x 3.177 2.907 
B1059_10 419 2.871 2.999 6/16/2017 1204x 3.050 3.060 
B1059_09 388 2.943 2.817 6/16/2017 1203x 2.661 3.030 
B1059_08 294 3.101 2.985 6/16/2017 1202x 3.155 3.222 
B1059_07 283 2.903 2.284 6/16/2017 1201x 3.258 3.392 
B1059_06 369 3.177 2.907 6/16/2017 1200x 3.071 2.688 
B1059_05 424 3.050 3.060 6/16/2017 
B1059_04_1 404 2.725 3.151 6/16/2017 
B1059_03 274 3.155 3.222 6/16/2017 
B1059_02_1 285 3.254 3.317 6/16/2017 
B1059_01_01 380 3.046 2.184 6/16/2017 
B1059_28 245 2.319 2.923 6/16/2017 
 
 
Shell ID: DC14_B1_065 
Analysis Date: 8/17/2017 
δ13C Error: 0.133 
δ18O Error: 0.155 
Notes: This shell is NOT crossdated 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
B1065_48 259 1.869 2.539 8/17/2017 1370x 2.146 3.330 
B1065_47 329 1.832 3.200 8/17/2017 1372x 2.312 2.950 
B1065_45 321 1.795 2.641 8/17/2017 1376x 2.403 3.232 
B1065_37 180 1.817 3.123 8/17/2017 1380x 1.712 3.099 
B1065_30_31 232 1.387 2.076 8/17/2017 1381x 2.128 2.899 
B1065_28 344 1.967 2.636 8/17/2017 1387x 1.752 2.191 
B1065_18 286 1.752 2.191 8/17/2017 1397x 1.967 2.636 
B1065_12 489 2.128 2.899 8/17/2017 1399x 1.967 2.636 
B1065_11_2 347 1.680 3.252 8/17/2017 1400x 1.387 2.076 
B1065_11_1 308 1.744 2.946 8/17/2017 1406x 1.817 3.123 
B1065_10 328 1.810 3.339 8/17/2017 1414x 1.795 2.641 
B1065_09 484 2.241 3.066 8/17/2017 1416x 1.832 3.200 
B1065_08 500 2.393 2.649 8/17/2017 1417x 1.869 2.539 
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B1065_07_2 433 2.286 3.123 8/17/2017 
B1065_03_2 259 2.205 2.540 8/17/2017 
B1065_03_1 427 2.418 3.360 8/17/2017 
B1065_01_2 258 2.146 3.330 8/17/2017 
B1065_07_1 404 2.519 3.341 8/17/2017 
 
 
Shell ID: DC14_B1_005 
Analysis Date: 8/17/2017 
δ13C Error: 0.133 
δ18O Error: 0.155 
Notes: this shell is NOT crossdated 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
B1005_27 370 2.45 3.232 8/17/2017 1477x 2.45 3.232 
B1005_26 323 2.577 2.998 8/17/2017 1476x 2.577 2.998 
B1005_25 348 2.523 2.974 8/17/2017 1475x 2.523 2.974 
B1005_24 390 2.183 3.01 8/17/2017 1474x 2.183 3.01 
B1005_23 316 2.256 3.218 8/17/2017 1473x 2.256 3.218 
B1005_22 288 2.052 2.768 8/17/2017 1472x 2.052 2.768 
B1005_21 313 2.47 2.986 8/17/2017 1471x 2.47 2.986 
B1005_20_1 345 2.354 2.507 8/17/2017 1470x 2.354 2.507 
B1005_19 372 1.896 2.834 8/17/2017 1469x 1.896 2.834 
B1005_18 319 2.386 3.081 8/17/2017 1468x 2.386 3.081 
B1005_17 330 2.149 2.82 8/17/2017 1467x 2.149 2.82 
B1005_16 445 2.258 2.258 8/17/2017 1466x 2.258 2.258 
B1005_15 379 2.652 2.889 8/17/2017 1465x 2.652 2.889 
B1005_14 363 2.508 2.796 8/17/2017 1464x 2.508 
B1005_13 375 2.019 2.759 8/17/2017 1463x 2.019 2.759 
B1005_12 418 2.474 3.121 8/17/2017 1462x 2.474 3.121 
B1005_10_1 285 2.437 1.774 8/17/2017 1460x 2.437 1.774 
B1005_09 506 2.687 3.092 8/17/2017 1459x 2.687 3.092 
B1005_08_1 388 2.585 3.293 8/17/2017 1458x 2.585 3.293 
B1005_07 464 2.334 3.447 8/17/2017 1457x 2.334 3.447 
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B1005_06_1 441 2.165 3.15 8/17/2017 1456x 2.165 3.15 
B1005_05 432 2.322 3.038 8/17/2017 1455x 2.322 3.038 
B1005_04 389 1.766 2.883 8/17/2017 1454x 1.766 2.883 
B1005_03 311 2.032 3.275 8/17/2017 1453x 2.032 3.275 
B1005_02_1 327 2.546 3.402 8/17/2017 1452x 2.546 3.402 
B1005_01_1 337 2.851 3.087 8/17/2017 1451x 2.851 3.087 
 
 
Shell ID: DC14_B1_020 
Analysis Date: 10/8/2017 10/10/2017 
δ13C Error: 0.074 0.145 
δ18O Error: 0.111 0.078 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
D20_1898 368 2.362 3.401 10/8/2017 1905 3.174 3.072 
D20_1897 247 2.420 3.266 10/8/2017 1904 2.947 3.302 
D20_1896 362 2.285 3.065 10/8/2017 1903 2.775 3.422 
D20_1895 262 2.319 3.105 10/8/2017 1902 2.240 3.691 
D20_1894 266 2.474 3.209 10/8/2017 1901 2.424 3.727 
D20_1893 320 2.374 3.256 10/8/2017 1899 1.814 3.501 
D20_1892 298 2.423 3.219 10/8/2017 1898 2.362 3.401 
D20_1891 260 2.123 3.329 10/8/2017 1897 2.420 3.266 
D20_1890 286 2.620 3.173 10/8/2017 1896 2.285 3.065 
D20_1889 508 2.324 3.322 10/8/2017 1895 2.319 3.105 
D20_1888 466 2.070 3.783 10/8/2017 1894 2.474 3.209 
D20_1887 252 2.296 3.207 10/8/2017 1893 2.374 3.256 
D20_1886 220 2.787 3.055 10/8/2017 1892 2.423 3.219 
D20_1885 366 2.369 3.284 10/8/2017 1891 2.123 
D20_1884 379 2.505 3.320 10/8/2017 1890 2.620 3.173 
D20_1883 295 2.155 2.985 10/8/2017 1889 2.324 3.322 
D20_1882_2 2.133 2.731 10/8/2017 1888 2.070 3.783 
D20_1882_1 2.278 3.102 10/8/2017 1887 2.296 3.207 
D20_1901 295 -3.226 143.644 10/10/2017 1886 2.787 3.055 
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D20_1905 459 3.174 3.072 10/10/2017 1885 2.369 3.284 
D20_1904 422 2.947 3.302 10/10/2017 1884 2.505 3.320 
D20_1903 566 2.775 3.422 10/10/2017 1883 2.155 2.985 
D20_1902 408 2.240 3.691 10/10/2017 1882 2.206 2.916 
D20_1900 343 2.424 3.727 10/10/2017 
D20_1899 256 1.814 3.501 10/10/2017 
 
 
 
Shell ID: DCING16_059 
Analysis Date: 10/24/2017 10/25/2017 10/25/2017 
δ13C Error: 0.055 0.102 0.056 
δ18O Error: 0.073 0.088 0.172 
Notes: 
INDIVIDUAL SAMPLES AVERAGES 
ID 1 ID 2 δ13C δ18O runID year δ13C δ18O 
DC16059_1576 455 1.610 2.456 10/24/2017 1539 1.645 2.986 
DC16059_1575 374 1.573 3.193 10/24/2017 1540 2.032 3.056 
DC16059_1574 209 1.500 3.106 10/24/2017 1541 2.088 3.114 
DC16059_1573 353 1.609 3.160 10/24/2017 1542 2.119 2.692 
DC16059_1572 259 1.575 3.217 10/24/2017 1543 2.177 2.994 
DC16059_1571 483 1.836 3.277 10/24/2017 1544 2.078 2.881 
DC16059_1570 523 2.134 3.130 10/24/2017 1545 1.922 3.163 
DC16059_1569 463 1.866 3.274 10/24/2017 1546 2.197 3.071 
DC16059_1568 553 2.020 3.398 10/24/2017 1547 2.237 3.271 
DC16059_1567 272 2.095 3.151 10/24/2017 1548 2.289 3.472 
DC16059_1566 330 1.825 3.310 10/24/2017 1549 1.963 2.772 
DC16059_1565 328 1.539 3.209 10/24/2017 1550 2.216 3.015 
DC16059_1564_1 348 1.813 3.091 10/24/2017 1551 2.486 3.176 
DC16059_1563 544 2.007 3.292 10/24/2017 1552 2.146 
DC16059_1562 530 1.968 3.020 10/24/2017 1553 1.982 3.015 
DC16059_1561 469 2.383 3.092 10/24/2017 1554 2.330 3.139 
DC16059_1560_1 473 2.324 2.838 10/24/2017 1555 2.240 3.277 
 
 
 
168
DC16059_1559 540 2.301 3.099 10/24/2017 1556 2.344 3.146 
DC16059_1558_1 302 2.477 3.336 10/24/2017 1557 2.223 3.406 
DC16059_1557 462 2.223 3.406 10/24/2017 1558 2.351 3.465 
DC16059_1556_1 392 2.307 3.019 10/24/2017 1559 2.301 3.099 
DC16059_1555_1 377 2.191 3.296 10/24/2017 1560 2.341 2.915 
DC16059_1554 583 2.330 3.139 10/24/2017 1561 2.383 3.092 
DC16059_1553 271 1.982 3.015 10/24/2017 1562 1.968 3.020 
DC16059_1552 285 2.146 3.329 10/24/2017 1563 2.007 3.292 
DC16059_1551 272 2.486 3.176 10/24/2017 1564 1.752 3.125 
DC16059_1550 515 2.216 3.015 10/24/2017 1565 1.539 3.209 
DC16059_1549 403 1.963 2.772 10/24/2017 1566 1.825 3.310 
DC16059_1548 591 2.289 3.472 10/24/2017 1567 2.095 3.151 
DC16059_1547 285 2.237 3.271 10/24/2017 1568 2.020 3.398 
DC16059_1546_1 245 2.198 2.851 10/24/2017 1569 1.866 3.274 
DC16059_1545 333 1.922 3.163 10/24/2017 1570 2.134 3.130 
DC16059_1544 237 2.078 2.881 10/24/2017 1571 1.836 3.277 
DC16059_1543_1 266 2.146 3.047 10/24/2017 1572 1.575 3.217 
DC16059_1542_1 352 2.057 2.752 10/24/2017 1573 1.609 3.160 
DC16059_1541 387 2.088 3.114 10/24/2017 1574 1.500 3.106 
DC16059_1540_1 314 2.053 3.219 10/24/2017 1575 1.573 3.193 
DC16059_1539 401 1.645 2.986 10/24/2017 1576 1.610 2.456 
DC16059_1630 479 1.907 3.092 10/25/2017 1577 1.966 3.270 
DC16059_1629 404 1.824 3.144 10/25/2017 1578 1.689 3.315 
DC16059_1628 282 1.588 2.971 10/25/2017 1579 1.963 3.187 
DC16059_1627 306 1.840 3.066 10/25/2017 1580 1.792 2.904 
DC16059_1626 467 2.004 3.259 10/25/2017 1581 1.693 3.354 
DC16059_1625 396 1.999 3.261 10/25/2017 1582 1.386 3.242 
DC16059_1600_2 321 2.005 3.197 10/25/2017 1583 1.763 2.803 
DC16059_1600_1 218 1.620 3.372 10/25/2017 1584 1.837 3.149 
DC16059_1599 465 2.067 3.295 10/25/2017 1585 1.802 3.142 
DC16059_1598 513 1.892 3.204 10/25/2017 1586 2.014 3.199 
DC16059_1597 425 1.816 3.266 10/25/2017 1587 1.882 3.010 
DC16059_1596 343 1.843 3.485 10/25/2017 1588 1.839 3.218 
DC16059_1595 302 1.682 3.144 10/25/2017 1589 1.619 3.309 
DC16059_1594 267 1.854 3.505 10/25/2017 1590 1.841 3.508 
DC16059_1593 321 1.973 3.561 10/25/2017 1591 1.750 3.301 
DC16059_1592 334 2.024 3.702 10/25/2017 1592 2.024 3.702 
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DC16059_1591 347 1.750 3.301 10/25/2017 1593 1.973 3.561 
DC16059_1590 285 1.841 3.508 10/25/2017 1594 1.854 3.505 
DC16059_1589 138 1.619 3.309 10/25/2017 1595 1.682 3.144 
DC16059_1588 221 1.839 3.218 10/25/2017 1596 1.843 3.485 
DC16059_1587 298 1.882 3.010 10/25/2017 1597 1.816 3.266 
DC16059_1586 385 2.014 3.199 10/25/2017 1598 1.892 3.204 
DC16059_1585 400 1.802 3.142 10/25/2017 1599 2.067 3.295 
DC16059_1584 402 1.837 3.149 10/25/2017 1600 1.812 3.284 
DC16059_1583 529 1.763 2.803 10/25/2017 1601 1.997 3.474 
DC16059_1582 288 1.386 3.242 10/25/2017 1602 1.862 3.412 
DC16059_1581 371 1.693 3.354 10/25/2017 1603 1.967 3.327 
DC16059_1580 345 1.792 2.904 10/25/2017 1604 1.864 3.474 
DC16059_1579 398 1.963 3.187 10/25/2017 1605 2.064 3.583 
DC16059_1578 430 1.689 3.315 10/25/2017 1606 2.025 3.618 
DC16059_1577 499 1.966 3.270 10/25/2017 1607 1.610 3.068 
DC16059_1564_2 407 1.691 3.158 10/25/2017 1608 1.353 3.425 
DC16059_1560_2 472 2.359 2.991 10/25/2017 1609 1.772 3.321 
DC16059_1558_2 328 2.226 3.595 10/25/2017 1610 1.703 3.659 
DC16059_1556_2 395 2.381 3.273 10/25/2017 1611 1.736 3.409 
DC16059_1555_2 371 2.288 3.259 10/25/2017 1612 1.751 3.190 
DC16059_1546_2rerun 292 2.280 3.353 10/25/2017 1613 1.903 3.337 
DC16059_1546_2 292 2.195 3.291 10/25/2017 1614 1.741 3.315 
DC16059_1543_2 374 2.208 2.942 10/25/2017 1615 1.902 3.385 
DC16059_1542_2 389 2.181 2.632 10/25/2017 1616 1.962 3.629 
DC16059_1540_2 241 2.012 2.892 10/25/2017 1617 1.894 3.346 
DC16059_1659 316 1.798 3.019 10/25/2017 1618 1.743 2.982 
DC16059_1658 359 1.713 3.218 10/25/2017 1619 1.877 3.270 
DC16059_1657 333 1.547 3.017 10/25/2017 1620 1.567 3.306 
DC16059_1656 242 1.507 3.030 10/25/2017 1621 1.647 3.472 
DC16059_1655 331 1.291 2.907 10/25/2017 1622 1.786 3.654 
DC16059_1654 416 1.121 3.107 10/25/2017 1623 2.149 3.496 
DC16059_1653 299 1.266 3.006 10/25/2017 1624 1.979 3.665 
DC16059_1652 299 1.292 3.330 10/25/2017 1625 1.999 3.261 
DC16059_1651 169 1.438 2.825 10/25/2017 1626 2.004 3.259 
DC16059_1650 361 1.358 3.108 10/25/2017 1627 1.840 3.066 
DC16059_1649 336 1.523 3.076 10/25/2017 1628 1.588 2.971 
DC16059_1648 278 1.512 3.176 10/25/2017 1629 1.824 3.144 
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DC16059_1647 298 1.542 3.330 10/25/2017 1630 1.907 3.092 
DC16059_1646 240 1.613 3.052 10/25/2017 1631 2.069 3.336 
DC16059_1645 370 1.822 3.391 10/25/2017 1632 2.207 3.401 
DC16059_1644 277 1.730 3.451 10/25/2017 1633 1.694 3.355 
DC16059_1643 340 1.680 3.274 10/25/2017 1634 1.798 3.404 
DC16059_1642 306 1.470 3.540 10/25/2017 1635 1.695 3.237 
DC16059_1641 356 1.765 3.414 10/25/2017 1636 1.943 3.213 
DC16059_1640 278 1.596 3.168 10/25/2017 1637 1.571 2.680 
DC16059_1639 402 1.586 3.520 10/25/2017 1638 1.650 3.523 
DC16059_1638 199 1.650 3.523 10/25/2017 1639 1.586 3.520 
DC16059_1637 238 1.571 2.680 10/25/2017 1640 1.596 3.168 
DC16059_1636 242 1.943 3.213 10/25/2017 1641 1.765 3.414 
DC16059_1635 197 1.695 3.237 10/25/2017 1642 1.470 3.540 
DC16059_1634 481 1.798 3.404 10/25/2017 1643 1.680 3.274 
DC16059_1633 288 1.694 3.355 10/25/2017 1644 1.730 3.451 
DC16059_1632 302 2.207 3.401 10/25/2017 1645 1.822 3.391 
DC16059_1631 385 2.069 3.336 10/25/2017 1646 1.613 3.052 
DC16059_1624 392 1.979 3.665 10/25/2017 1647 1.542 3.330 
DC16059_1623 314 2.149 3.496 10/25/2017 1648 1.512 3.176 
DC16059_1622 306 1.786 3.654 10/25/2017 1649 1.523 3.076 
DC16059_1621 285 1.647 3.472 10/25/2017 1650 1.358 3.108 
DC16059_1620 250 1.567 3.306 10/25/2017 1651 1.438 2.825 
DC16059_1619 300 1.877 3.270 10/25/2017 1652 1.292 3.330 
DC16059_1618 475 1.743 2.982 10/25/2017 1653 1.266 3.006 
DC16059_1617 347 1.894 3.346 10/25/2017 1654 1.121 3.107 
DC16059_1616 315 1.962 3.629 10/25/2017 1655 1.291 2.907 
DC16059_1615 428 1.902 3.385 10/25/2017 1656 1.507 3.030 
DC16059_1614 492 1.741 3.315 10/25/2017 1657 1.547 3.017 
DC16059_1613 577 1.903 3.337 10/25/2017 1658 1.713 3.218 
DC16059_1612 388 1.751 3.190 10/25/2017 1659 1.798 3.019 
DC16059_1611 313 1.736 3.409 10/25/2017 
DC16059_1610 402 1.703 3.659 10/25/2017 
DC16059_1609 195 1.772 3.321 10/25/2017 
DC16059_1608 162 1.353 3.425 10/25/2017 
DC16059_1607 380 1.610 3.068 10/25/2017 
DC16059_1606 423 2.025 3.618 10/25/2017 
DC16059_1605 533 2.064 3.583 10/25/2017 
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DC16059_1604 359 1.864 3.474 10/25/2017 
DC16059_1603 260 1.967 3.327 10/25/2017 
DC16059_1602 141 1.862 3.412 10/25/2017 
DC16059_1601 253 1.997 3.474 10/25/2017 
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APPENDIX B.    WATER SALINITY AND ISOTOPIC MEASUREMENTS 
 
Seawater salinity and oxygen isotopic composition were measured from water 
samples collected at Ingøya from 2009-2017. Salinity was measured using a using a YSI Pro 
Plus Handheld Multiparameter Meter (precision ±0.3ppt).  Water δ18O and δD were 
measured at the ISU Stable Isotope Laboratory using a Picarro L1102-i Isotopic Liquid 
Water Analyzer with autosampler and ChemCorrect software and a long-term precision of 
0.07‰.  Reference standards OH-1, OH-2, and GISP were used for isotopic corrections. 
 
Table B-1 Water sample salinity and δ18O from Ingøya 
Sample  Latitude Longitude δ18O Salinity Date Location Description 
ING01 71 04.481 24 08.577 -0.152 32.61 Sep-12 Sjøhus Dock 
ING02 71 04.630 24 09.374 -0.098 32.12 Sep-12 Gåsøy channel 
ING03 71 04.850 24 11.100 -0.087 31.97 Sep-12 South Gåsøy 
ING04 71 05.103 24 13.028 -0.074 32.09 Sep-12 Outer Gåsøy 
ING05 71 03.502 24 04.683 -0.076 32.05 Sep-12 Inner Sanden (clam collection place) 
ING06 71 03.444 24 07.467 -0.040 32.04 Sep-12 Shallow Mooring 
ING07 71 03.402 24 09.719 -0.054 31.99 Sep-12 Deep Mooring 
ING08 71 01.482 23 59.829 -0.836 29.23 Sep-12 Inner trollfjord 
ING09 71 01.562 24 00.529 -0.258 30.93 Sep-12 Trollfjord 
ING10 71 00.574 24 02.487 -0.308 30.78 Sep-12 Rolvsøya beach 
ING11 71 00.673 24 04.691 -0.030 31.13 Sep-12 Outer Rolvsøya 
001 71 03.451 24 07.441 -0.155 34.25 May-13 TS1 
002 71 03.406 24 09.781 -0.041 33.96 May-13 TS2 
003 71 03.770 24 05.862 -0.096 34.36 May-13 Tower Bay 
004   -0.083 35.33 May-13 Thorleif's dock 
005 71 06.861 24 13.443 -0.110 34.3 May-13 20m depth at “WS005”  
006 71 06.861 24 13.443 -0.001 34.46 May-13 5m depth at “WS005” 
007 71 06.861 24 13.443 -0.079 34.23 May-13 1m depth at “WS005” 
008 71 03.517 24 02.981 -1.571 28.15 May-13 Modern beach at Tower Bay 
009 71 03.593 24 04.298 -4.859 0.16 May-13 surface water, shallow pools on beach, 
freshwater 
010 71 03.159 24 04.513 -8.660 0.1 May-13 running stream along beach “WS010” 
011   -7.328 0.03 May-13 tap water 
012 71 04.699 24 06.235 -8.026 0.05 May-13 largest pond on NE part of island, freshwater 
just next to road and mafjorden 
013 71 03.167 24 01.475 -7.819 0.62 May-13 stream trickling into western bay of mafjorden 
at low tide.  tastes fresh.  southern tip of bay 
014 71 03.301 24 00.428 -9.456 0.01 May-13 snow 
015 71 03.301 24 00.428 -9.420 0.08 May-13 stream = snowmelt (freshwater end member) 
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Sample  Latitude Longitude δ18O Salinity Date Location Description 
016 71 03.339 24 00.442 -7.423 7.47 May-13 freshish.  taken at salty part of inlet into fjord 
SW corner of mafjorden 
017 71 03.366 24 00.379 -1.659 29.53 May-13 tidal pool, slightly fresh 
018 71 03.408 24 00.547 -4.733 17.67 May-13 deeper, connected well to fjord with 
freshwater influence 
019 71 03.776 23 59.762 -0.312 33.48 May-13  whaling station 
020 71 04.902 24 00.810 -0.306 34.35 May-13 full marine near lighthouse peninsula, NW part 
of Ingoya 
Feb02   1.486 33.1 Feb-14  
Feb03   -1.288 29.1 Feb-14  
Feb04   1.197 32.2 Feb-14  
Feb05   -0.554 30.1 Feb-14  
Feb07   -0.739 29.6 Feb-14  
Feb08   -5.506 0 Feb-14  
01 71 03.590 24 03.060 -8.103 0 Aug-14 TS1 
02 71 03.610 24 04.107 -0.195 31.8 Aug-14 TS2 
03 71 03.770 24 05.862 -0.277 31.6 Aug-14 Tower Bay 
05B 71 06.861 24 13.443 -9.163 0 Aug-14  
05B2 71 06.861 24 13.443 -8.294 3.9 Aug-14  
07 71 03.366 24 00.379 -3.671 20.4 Aug-14  
014 71 03.301 24 00.428 -9.285 0 Aug-14  
017B 71 03.366 24 00.379 -0.376 31.1 Aug-14 tidal pool, slightly fresh 
019B 71 03.776 23 59.762 -8.560 1.6 Aug-14  
019 71 03.776 23 59.762 -0.322 31.4 Aug-14  whaling station 
Rolvsoy 71 00.574 24 02.487 -0.254 31.3 Aug-14 Rolvsoy 
TS2 71 03.275 24 10.101 -0.226 31.2 Aug-14  
deepwater   -0.198 31.2 Aug-14  
MM1   -0.150 33.60 Aug-16 Full Marine 
MM2 71 03.685 24 06.725 -0.211 33.10 Aug-16 Full Marine near LC 
MM3 71 03.770 24 05.862 -0.206 33.10 Aug-16 mafjorden 
MM4   -0.168 33.10 Aug-16 full marine near Thorleif's Bay 
MM5 71 06.861 24 13.443 -4.258 10.10 Aug-16 mostly salt - 40 seaward of 2 
MM6   -0.131 33.10 Aug-16 WP 114 - Full Marine - Sanden 
MM7 71 03.408 24 00.547 -0.336 33.10 Aug-16 ws018 - mafjord 
MM8 71 03.339 24 00.442 -1.685 28.10 Aug-16 ws16 - mafjord 
MM9 71 03.167 24 01.475 -1.015 30.50 Aug-16 ws013 - mafjorden seaside 
MM10 71 03.517 24 02.981 -0.578 32.50 Aug-16 ws008 - mafjorden 
MM11 71 04.040 24 05.137 -5.211 0.00 Aug-16 isolation Basin 
MM12   -1.867 23.10 Aug-16 mostly fresh 
MM13   -5.518 0.00 Aug-16 fresh 
MM14 71 03.301 24 00.428 -9.032 0.00 Aug-16 ws014 - mafjord 
MM15 71 04.481 24 08.609 -6.128 7.50 Jun-15 mixed - waypoint ws02_2015 
MM16   -0.042 33.80 Jun-15 full marine - limpet lightshouse 
MM17 71 02.892 23 50.269 -0.076 34.30 Jun-15 w15_01 - full marine near dw LC 
MM18   -6.299 11.80 Jun-15 fresh/salt mixed - mafjord 
MM19   -0.098 34.00 Jun-15 full marine tower bay 6m 
MM20   -0.018 33.90 Jun-15 full marine A-hole 
MM21 71 03.332 24 04.634 -0.503 33.50 Jun-15 full marine - modern beach ws04_2015 
MM22   -2.687 25.60 Jun-15 salt/fresh mixed - mafjord 
MM23 71 04.481 24 08.609 -7.615 0.00 Jun-15 fresh stream out of isolation basin 
ws_02_2015 
mm1 (136) 71 00.300 24 03.952 -0.303 32.80 May-17 Rolvsøya (Storsand) 
mm2 (137) 71 00.512 24 03.059 -0.563 32.10 May-17 Tower Bay 
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Sample  Latitude Longitude δ18O Salinity Date Location Description 
mm3 (138) 71 01.977 24 03.363 -0.189 33.30 May-17 Tower Bay 
mm4 (139) 71 01.524 24 00.470 -2.289 26.40 May-17 near small mountain streams 
mm5 (140) 71 01.489 23 59.822 -1.864 28.00 May-17  
mm6  (141) 71 01.973 24 00.112 -0.269 33.20 May-17  
mm7 (142) 71 02.580 24 05.116 -0.150 33.40 May-17  
mm8 (143) 71 07.436 24 06.783 -0.125 33.30 May-17  
mm9 (144) 71 07.473 24 05.757 -0.081 33.40 May-17  
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APPENDIX C.    MASTER SHELL GROWTH CHRONOLOGY CONSTRUCTION 
 
This appendix contains details and output files associated with construction of the 
chronologies presented in Chapters 2 and 4.  Output from the software programs ARSTAN 
are described below. 
 
Chapter 2 Chronology Files 
A 112-year chronology was produced for the publication presented in Chapter 2 of 
this dissertation (full citation below). 
 
Citation:  Mette, M.J., Wanamaker, A.D., Jr., Carroll, M., Ambrose, W.G., and Retelle, 
M.G., 2016. Linking large-scale climate variability with Arctica islandica shell growth and 
geochemistry in northern Norway. Limnology and Oceanography 61, 748-764, doi: 
10.1002/lno.10252 
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Table C-1 Summary of individual shell series and statistical applications used during chronology construction in ARSTAN for Chapter 2 chronology. 
Shell ID 
Median 
14C age 
(CE) 
Year of 
recruitment 
(CE) 
First year in 
measurement 
series (CE) 
Ontogenetic  
age at first year 
in measurement 
series (years) 
Last year in 
measurement 
series (CE) 
Length of 
Series in 
Chronology 
(years) 
Year 
of 
Death 
(CE) 
Lifespan 
(years) Detrending Method 
Part of 
shell 
measured 
ING09_021 n/a 1732 1756 24 2008 252 2009 277 Negative Exponential Margin 
ING09_073 n/a 1857 1869 12 2008 139 2009 152 Negative Exponential Margin 
ING09_054 n/a 1859 1869 10 2008 139 2009 150 Negative Exponential Margin 
ING13_268 n/a 1884 1888 4 2012 124 2013 129 Negative Exponential Margin 
ING09_003 n/a 1890 1894 4 2007 113 2009 119 Negative Exponential Margin 
ING09_020 n/a 1732 1921 189 2008 87 2009 277 Linear Regression Margin 
ING09_074 n/a 1921 1922 1 2008 86 2009 88 Negative Exponential Umbo 
ING09_053 n/a 1922 1924 2 2007 83 2009 87 Negative Exponential Margin 
ING13_273 n/a 1929 1930 1 2012 82 2013 84 Negative Exponential Umbo 
ING13_277 n/a 1924 1936 12 2012 76 2013 89 Hugershoff Growth Curve Margin 
 
 
 
 
 
177 
 
Table C-2 Program log output after chronology construction using ARSTAN for Chapter 2 chronology. 
 
                         ********************************** 
                         ********************************** 
                         ***                            *** 
                         ***       Program ARSTAN       *** 
                         ***                            *** 
                         ***       Creation Date:       *** 
                         ***          02/10/13          *** 
                         ***                            *** 
                         ***       Programmed by:       *** 
                         ***     Dr. Edward R. Cook     *** 
                         ***       Paul J. Krusic       *** 
                         ***    Tree-Ring Laboratory    *** 
                         ***  Lamont-Doherty Earth Obs. *** 
                         ***    Palisades, N.Y. 10964   *** 
                         *** drdendro@ldeo.columbia.edu *** 
                         ***    pjk@ldeo.columbia.edu   *** 
                         ***  www.ldeo.columbia.edu/trl *** 
                         ***                            *** 
                         ********** Version 44h2 ********** 
                         ********************************** 
 
 |==============================================================================| 
 
 overall run title: run1                                                             
 
 file names file processed:       arstan_files.txt                         
 data file processed:             msmts_c.txt                              
 log file processed:              msmts_c_log.txt                          
 
                       opt          plt 
 tree-ring data type    4                !tree-ring compact data format              
 missing data in gap   -9            0   !missing values estimated (no plots)        
 data transformation    0            0   !no data transformation (no plots)          
 first detrending       1      0     1   !1st-neg expon curve (k>0), no = opt 4      
 second detrending      0      0     0   !2nd-no detrending performed                
 robust detrending      1                !non-robust detrending methods used         
 interactive detrend    2                !interactive detrending used                
 index calculation      1                !tree-ring indices or ratios (rt/gt)        
 ar modeling method     1            0   !non-robust autoregressive modeling         
 pooled ar order        0            0   !minimum aic pooled ar model order fit  
 series ar order        0                !pooled ar order fit to all series          
 mean chronology        2   0    0   0   !robust (biweight) mean chronology         
 stabilize variance     0                !no variance stabilization performed        
 common period years        0    0       !no common period analysis performed        
 site-tree-core mask       SS_TTT        !site-tree-core separation mask             
 running rbar              30   15   1   !running rbar window/overlap (w/ plots)     
 printout option        2                !summary & series statistics printed        
 core series save       7                !series saved in comma-delimited columns    
 summary plot displays  3                !spaghetti and mean chronology plots        
 
 stand dynamics stuf    0            0   !no stand dynamics analyses done            
 running mean window    0                !running mean window width                  
 percent growth change  0                !percent growth change threshold            
 std error threshold    0                !standard error limit threshold             
 
 |======================== raw data statistical analyses =======================| 
 
 |------------------- tree-ring series read in for processing ------------------| 
 
 |------------ series gaps found based on any negative number found ------------| 
 
        series      ident      results of scans for gaps or missing values 
 
                            --- no gaps in data found --- 
 
 |------------------ statistics of raw tree-ring measurements ------------------| 
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 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
     1   09_021   1756   2008    253   0.059   0.045  2.352 11.029  0.379   0.789 
     2   09_073   1869   2008    140   0.083   0.094  3.516 15.590  0.428   0.826 
     3   09_054   1869   2008    140   0.059   0.066  4.177 23.496  0.497   0.747 
     4   13_268   1888   2012    125   0.166   0.330  4.729 23.345  0.354   0.853 
     5   09_003   1894   2007    114   0.512   0.778  4.751 25.385  0.483   0.646 
     6   09_020   1921   2008     88   0.025   0.014  1.085  3.190  0.405   0.510 
     7   09_074   1922   2008     87   1.476   1.147  2.460 11.381  0.453   0.591 
     8   09_053   1924   2007     84   1.293   1.456  2.960 11.501  0.465   0.678 
     9   13_273   1930   2012     83   0.140   0.151  2.895 10.847  0.431   0.797 
    10   13_277   1936   2012     77   0.157   0.128  2.035  8.005  0.401   0.565 
 
       number of series read in:   10   from   1756  to   2012     257 years 
 
 |---------------- summary of raw tree-ring series statistics ------------------| 
 
                                year    mean   stdev   skew   kurt   sens   ac(1) 
 arithmetic mean                 119   0.397   0.421  3.096 14.377  0.430   0.700 
 standard deviation               52   0.540   0.520  1.199  7.400  0.046   0.119 
 median (50th quantile)          101   0.149   0.139  2.927 11.441  0.429   0.712 
 interquartile range              56   0.453   0.712  1.825 12.497  0.065   0.207 
 minimum value                    77   0.025   0.014  1.085  3.190  0.354   0.510 
 lower hinge (25th quantile)      84   0.059   0.066  2.352 10.847  0.401   0.591 
 upper hinge (75th quantile)     140   0.512   0.778  4.177 23.345  0.465   0.797 
 maximum value                   253   1.476   1.456  4.751 25.385  0.497   0.853 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
     45    0.201     0.333      0.050    0.445      2.062    -0.289     0.854 
 
   minimum correlation: -0.289   series  09_054     and  13_273       79 years 
   maximum correlation:  0.854   series  09_073     and  09_054      140 years 
 
       percent of all possible correlations used (n>20 years):     100.00 
       percent of all possible tree-ring years used in rbar:        35.31 
 
 |--------------------------- running rbar statistics --------------------------| 
 
    year   1895.  1910.  1925.  1940.  1955.  1970.  1985. 
    corr      3.    10.    10.    28.    45.    45.    45. 
    rbar  0.703  0.314  0.490  0.356  0.402  0.482  0.406 
    sdev  0.068  0.332  0.121  0.237  0.221  0.174  0.211 
    serr  0.039  0.105  0.038  0.045  0.033  0.026  0.031 
    eps   0.910  0.707  0.874  0.840  0.870  0.903  0.873 
    nss     4.3    5.3    7.2    9.5   10.0   10.0   10.0 
 
 |======================== raw data chronology statistics ======================| 
 
 |----------------- robust mean raw data chronology statistics -----------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1756    2012     257    0.085   0.058    3.017     17.604    0.360    0.691 
 
  mean indices vs their standard deviations       robust mean efficiency results 
      correlation    slope    intercept             # improved    # unimproved 
        0.341        0.339      0.011                     85            172 
 
 |---------------- robust mean efficiency gain and loss results ----------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
    gain           range            gain        hinge       hinge         gain 
   22.88           56.02            0.01         7.70       63.72       455.95 
 
   median      interquartile      minimum       lower       upper       maximum 
    loss           range            loss        hinge       hinge         loss 
    0.00            1.00            0.00         0.00        1.00         1.00 
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 |--------------------- segment length summary statistics ----------------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
   length          range           length       hinge       hinge        length 
     101.            56.             77.          84.        140.          253. 
 
 |----------- raw data chronology auto and partial autocorrelations ------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.688  0.481  0.403  0.319  0.280  0.222  0.127  0.113  0.075  0.020 
 pacf        0.688  0.015  0.126 -0.011  0.070 -0.035 -0.083  0.064 -0.056 -0.038 
 95% c.l.    0.125  0.174  0.194  0.206  0.214  0.219  0.223  0.224  0.225  0.225 
 
 |------------------ raw data chronology autoregressive model ------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  1   0.481  0.693 
 
 |================== detrended data curve fits and statistics ==================| 
 
 |------------------------ results of first detrending -------------------------| 
 
 |--------------- growth curve used for detrending tree-ring data --------------| 
   option 
     -5: variable span smoother         f(i) = variable span smooth 
     -4: lowess robust smoother         f(i) = lowess robust smooth 
     -3: median smoothing               f(i) = median sharp/smooth 
    -2:  regional curve detrending      f(i) = one age-aligned curve 
    -1:  first-differences              f(i) = y(i) - y(i-1) 
     1:  neg expon curve, no = opt 4    f(i) = a*exp(-b*t(i)) + d    (d>0) 
     2:  neg expon curve, no = opt 5    f(i) = a*exp(-b*t(i)) + d    (d>0) 
     3:  neg expon curve  (general)     f(i) = a*exp(-b*t(i)) + d   (any d) 
     4:  linear regression (any slope)  f(i) = +/-c*t(i) + d 
     5:  linear regression (neg slope)  f(i) = -c*t(i) + d    
     6:  horizontal line through mean   f(i) = mean(y(i)) = d 
     7:  hugershoff growth function     f(i) = a*t(i+p)**b * exp(-c*t(i+p)) + d 
     8:  general exponential (b = 1)    f(i) = a*t(i+p)**b * exp(-c*t(i+p)) + d 
    >9:  cubic smoothing spline         fixed 50 pct variance cutoff 
   <-9:  cubic smoothing spline         pct n 50 pct variance cutoff 
 
   (a, b, c are coefficients, d is intercept or asymptote, p is pith offset) 
 
 series   ident     option       a           b           c           d         p 
     1   09_021        1     0.155207    0.035833    0.000000    0.042037       0 
     2   09_073        1     0.540257    0.121638    0.000000    0.053403       0 
     3   09_054        1     0.463817    0.168914    0.000000    0.040953       0 
     4   13_268        1     2.650411    0.210840    0.000000    0.075664       0 
     5   09_003        1     6.511841    0.249005    0.000000    0.310151       0 
     6   09_020        1   --> curve fit option failed and changed to:     4 
     6   09_020        4     0.000000    0.000000    0.000282    0.012883       0 
     7   09_074        1     5.672669    0.148725    0.000000    1.069844       0 
     8   09_053        1     6.370924    0.115347    0.000000    0.672948       0 
     9   13_273        1     0.843604    0.161656    0.000000    0.082120       0 
    10   13_277        1   --> curve fit option failed and changed to:     4 
    10   13_277        4     0.000000    0.000000   -0.003652    0.299533       0 
    10   13_277        3     0.790374    0.005762    0.000000   -0.479431       0 
    10   13_277        7     0.575932   -0.361389    0.005359    0.003372       0 
 
 |-------------------- statistics of single tree-ring series -------------------| 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
     1  09_021    1756   2008    253   0.999   0.524  1.039  4.131  0.378   0.611 
     2  09_073    1869   2008    140   1.003   0.545  0.969  3.293  0.422   0.505 
     3  09_054    1869   2008    140   0.999   0.532  0.764  3.439  0.495   0.389 
     4  13_268    1888   2012    125   1.017   0.443  0.493  4.765  0.343   0.388 
     5  09_003    1894   2007    114   1.000   0.508  1.213  4.403  0.476   0.326 
     6  09_020    1921   2008     88   1.005   0.440  0.466  2.292  0.400   0.330 
     7  09_074    1922   2008     87   0.999   0.500  0.514  2.805  0.445   0.341 
     8  09_053    1924   2007     84   1.009   0.561  0.816  3.174  0.456   0.525 
     9  13_273    1930   2012     83   1.001   0.549  0.689  3.134  0.425   0.439 
    10  13_277    1936   2012     77   0.978   0.573  1.554  5.583  0.393   0.553 
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 |---------------- summary of single tree-ring series statistics ---------------| 
 
                                year    mean   stdev   skew   kurt   sens   ac(1) 
 arithmetic mean                 119   1.001   0.518  0.852  3.702  0.423   0.441 
 standard deviation               52   0.010   0.046  0.350  0.999  0.046   0.102 
 median (50th quantile)          101   1.001   0.528  0.790  3.366  0.423   0.414 
 interquartile range              56   0.006   0.049  0.525  1.269  0.063   0.184 
 minimum value                    77   0.978   0.440  0.466  2.292  0.343   0.326 
 lower hinge (25th quantile)      84   0.999   0.500  0.514  3.134  0.393   0.341 
 upper hinge (75th quantile)     140   1.005   0.549  1.039  4.403  0.456   0.525 
 maximum value                   253   1.017   0.573  1.554  5.583  0.495   0.611 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
     45    0.411     0.148      0.022   -0.007      2.194     0.145     0.685 
 
   minimum correlation:  0.145   series  09_073     and  13_273       79 years 
   maximum correlation:  0.685   series  13_268     and  13_277       77 years 
 
       percent of all possible correlations used (n>20 years):     100.00 
       percent of all possible tree-ring years used in rbar:        35.31 
 
 |--------------------------- running rbar statistics --------------------------| 
 
    year   1895.  1910.  1925.  1940.  1955.  1970.  1985. 
    corr      3.    10.    10.    28.    45.    45.    45. 
    rbar  0.547  0.464  0.494  0.377  0.497  0.498  0.422 
    sdev  0.204  0.141  0.110  0.169  0.145  0.152  0.193 
    serr  0.118  0.045  0.035  0.032  0.022  0.023  0.029 
    eps   0.837  0.820  0.876  0.851  0.908  0.909  0.880 
    nss     4.3    5.3    7.2    9.5   10.0   10.0   10.0 
 
 |======================== standard chronology statistics ======================| 
 
 |----------------- robust mean standard chronology statistics -----------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1756    2012     257    1.029   0.477    1.160      4.861    0.347    0.584 
 
  mean indices vs their standard deviations       robust mean efficiency results 
      correlation    slope    intercept             # improved    # unimproved 
       -0.003       -0.001      0.183                     22            235 
 
 |---------------- robust mean efficiency gain and loss results ----------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
    gain           range            gain        hinge       hinge         gain 
    1.05            1.04            0.17         0.29        1.33         6.12 
 
   median      interquartile      minimum       lower       upper       maximum 
    loss           range            loss        hinge       hinge         loss 
    0.78            0.98            0.00         0.00        0.98         1.00 
 
 |----------- standard chronology auto and partial autocorrelations ------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.582  0.423  0.344  0.218  0.180  0.178  0.143  0.160  0.115  0.088 
 pacf        0.582  0.128  0.084 -0.060  0.040  0.065  0.005  0.062 -0.042  0.000 
 95% c.l.    0.125  0.162  0.178  0.188  0.192  0.195  0.197  0.199  0.201  0.202 
 
 |------------------ standard chronology autoregressive model ------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  3   0.362  0.495  0.087  0.092 
 
 |======================= pooled autoregression analysis =======================| 
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 pooled autocorrelations: 
 
 lag     t= -1  t= -2  t= -3  t= -4  t= -5  t= -6  t= -7  t= -8  t= -9  t=-10 
         0.406  0.256  0.193 -0.033  0.039  0.135  0.152  0.217  0.159  0.121 
 
 yule-walker estimates of autoregression: 
 
 order   t= -1  t= -2  t= -3  t= -4  t= -5  t= -6  t= -7  t= -8  t= -9  t=-10 
    1    0.406 
    2    0.361  0.110 
    3    0.354  0.085  0.068 
    4    0.366  0.101  0.133 -0.183 
    5    0.383  0.089  0.123 -0.217  0.091 
    6    0.369  0.121  0.105 -0.230  0.034  0.149 
    7    0.355  0.118  0.128 -0.240  0.022  0.113  0.099 
    8    0.347  0.108  0.126 -0.221  0.012  0.103  0.070  0.081 
    9    0.348  0.110  0.127 -0.221  0.008  0.105  0.072  0.086 -0.016 
   10    0.349  0.107  0.125 -0.224  0.008  0.113  0.067  0.082 -0.027  0.034 
 
 last term in each row above equals the partial autocorrelation coefficient 
 
 akaike information criterion: 
 
      ar( 0)      ar( 1)      ar( 2)      ar( 3)      ar( 4)      ar( 5)   
     1826.26     1782.02     1780.92     1781.74     1774.96     1774.82 
 
      ar( 6)      ar( 7)      ar( 8)      ar( 9)      ar(10)   
     1771.04     1770.52     1770.85     1772.78     1774.49 
 
 selected autoregression order:   2 
 
 ar order selection criterion: ipp=0  first-minimum aic selection 
 
 the aic trace should be checked to see if ar order selection criterion <ipp> 
 is adequate. e.g. if ar-orders of the first-minimum and the full-minimum aic 
 are close, an arstan run with full-minimum aic order selection might be tried 
 
 autoregression coefficients: 
 
  t= -1   t= -2   t= -3   t= -4   t= -5   t= -6   t= -7   t= -8   t= -9   t=-10    
  0.361   0.110 
 
 r-squared due to pooled autoregression:   17.47 pct 
 variance inflation from autoregression:  121.16 pct 
 
 impulse response function weights for this ar ( 2) process out to order 50: 
 
  1.0000   0.361   0.240   0.126   0.072   0.040   0.022   0.012   0.007   0.004 
  0.0022   0.001   0.001   0.000   0.000   0.000   0.000   0.000   0.000   0.000 
  0.0000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000 
  0.0000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000 
  0.0000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000 
 
 |================== individual series autoregression analyses =================| 
 
 |---------------- individual series autoregressive coefficients ---------------| 
 
     series    ident    order     rsq     t-1     t-2     t-3   .....    t-ip 
         1   09_021       2     0.388   0.547   0.107 
         2   09_073       2     0.313   0.389   0.232 
         3   09_054       2     0.240   0.282   0.277 
         4   13_268       2     0.244   0.308   0.218 
         5   09_003       2     0.110   0.337  -0.035 
         6   09_020       2     0.116   0.306   0.078 
         7   09_074       2     0.153   0.295   0.146 
         8   09_053       2     0.282   0.504   0.048 
         9   13_273       2     0.263   0.365   0.180 
        10   13_277       2     0.339   0.542   0.029 
 
 |------------- summary statistics for autoregressive coefficients -------------| 
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                        order     rsq     t-1     t-2     t-3   .....    t-ip 
   arithmetic mean        2     0.245   0.387   0.128 
   standard deviation     0     0.094   0.105   0.100 
   median                 2     0.254   0.351   0.126 
   interquartile range    0     0.161   0.198   0.171 
   minimum value          2     0.110   0.282  -0.035 
   lower hinge            2     0.153   0.306   0.048 
   upper hinge            2     0.313   0.504   0.218 
   maximum value          2     0.388   0.547   0.277 
 
 |------------------- statistics of prewhitened tree-ring data -----------------| 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
     1  09_021    1756   2008    253   1.000   0.412  0.879  4.502  0.460  -0.009 
     2  09_073    1869   2008    140   1.000   0.456  0.805  3.886  0.505  -0.035 
     3  09_054    1869   2008    140   1.000   0.471  0.878  4.000  0.525  -0.047 
     4  13_268    1888   2012    125   1.000   0.397  1.032  5.282  0.411  -0.043 
     5  09_003    1894   2007    114   1.000   0.480  1.114  4.793  0.526   0.002 
     6  09_020    1921   2008     88   1.000   0.414  0.488  2.473  0.460  -0.001 
     7  09_074    1922   2008     87   1.000   0.464  0.579  3.129  0.518  -0.013 
     8  09_053    1924   2007     84   1.000   0.476  0.595  3.805  0.556   0.004 
     9  13_273    1930   2012     83   1.000   0.484  0.682  3.367  0.540  -0.032 
    10  13_277    1936   2012     77   1.000   0.475  1.316  5.231  0.478  -0.003 
 
 |------------- summary of prewhitened tree-ring series statistics -------------| 
 
                                year    mean   stdev   skew   kurt   sens   ac(1) 
 arithmetic mean                 119   1.000   0.453  0.837  4.047  0.498  -0.018 
 standard deviation               52   0.000   0.033  0.262  0.917  0.045   0.020 
 median (50th quantile)          101   1.000   0.467  0.842  3.943  0.512  -0.011 
 interquartile range              56   0.000   0.062  0.437  1.427  0.067   0.034 
 minimum value                    77   1.000   0.397  0.488  2.473  0.411  -0.047 
 lower hinge (25th quantile)      84   1.000   0.414  0.595  3.367  0.460  -0.035 
 upper hinge (75th quantile)     140   1.000   0.476  1.032  4.793  0.526  -0.001 
 maximum value                   253   1.000   0.484  1.316  5.282  0.556   0.004 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
     45    0.444     0.106      0.016   -0.190      1.945     0.237     0.614 
 
   minimum correlation:  0.237   series  09_003     and  13_273       78 years 
   maximum correlation:  0.614   series  09_054     and  09_053       84 years 
 
       percent of all possible correlations used (n>20 years):     100.00 
       percent of all possible tree-ring years used in rbar:        35.31 
 
 |--------------------------- running rbar statistics --------------------------| 
 
    year   1895.  1910.  1925.  1940.  1955.  1970.  1985. 
    corr      3.    10.    10.    28.    45.    45.    45. 
    rbar  0.522  0.542  0.513  0.419  0.489  0.485  0.473 
    sdev  0.183  0.132  0.110  0.171  0.112  0.132  0.174 
    serr  0.105  0.042  0.035  0.032  0.017  0.020  0.026 
    eps   0.823  0.862  0.884  0.872  0.906  0.904  0.900 
    nss     4.3    5.3    7.2    9.5   10.0   10.0   10.0 
 
 |======================== residual chronology statistics ======================| 
 
 |----------------- robust mean residual chronology statistics -----------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1756    2012     257    1.002   0.376    0.797      4.496    0.417    0.010 
 
  mean indices vs their standard deviations       robust mean efficiency results 
      correlation    slope    intercept             # improved    # unimproved 
        0.079        0.037      0.117                     26            231 
 
 |---------------- robust mean efficiency gain and loss results ----------------| 
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   median      interquartile      minimum       lower       upper       maximum 
    gain           range            gain        hinge       hinge         gain 
    1.08            0.96            0.60         0.67        1.63        13.81 
 
   median      interquartile      minimum       lower       upper       maximum 
    loss           range            loss        hinge       hinge         loss 
    0.76            0.98            0.00         0.00        0.98         1.00 
 
 |----------- residual chronology auto and partial autocorrelations ------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.010 -0.035  0.117 -0.041 -0.016  0.093 -0.010  0.079  0.020  0.022 
 pacf        0.010 -0.036  0.118 -0.046 -0.006  0.077 -0.004  0.089 -0.004  0.037 
 95% c.l.    0.125  0.125  0.125  0.127  0.127  0.127  0.128  0.128  0.129  0.129 
 
 |------------------ residual chronology autoregressive model ------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  0   0.000 
 
 |---------- rewhitened chronology auto and partial autocorrelations -----------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.004 -0.003  0.118 -0.040 -0.013  0.095 -0.012  0.084  0.018  0.028 
 pacf        0.004 -0.003  0.118 -0.042 -0.012  0.082 -0.004  0.087 -0.005  0.038 
 95% c.l.    0.125  0.125  0.125  0.126  0.127  0.127  0.128  0.128  0.129  0.129 
 
 |----------------- rewhitened chronology autoregressive model -----------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  2   0.014  0.004 -0.003 
 
 |========================= arstan chronology statistics =======================| 
 
 |----------------- robust mean arstan chronology statistics -------------------| 
 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1756    2012      257   1.005   0.419    1.075      4.654    0.354    0.429 
 
 |------------ arstan chronology auto and partial autocorrelations -------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.428  0.288  0.238  0.100  0.084  0.131  0.076  0.121  0.078  0.075 
 pacf        0.428  0.129  0.094 -0.067  0.023  0.094 -0.010  0.073 -0.027  0.031 
 95% c.l.    0.125  0.146  0.154  0.160  0.161  0.162  0.163  0.164  0.165  0.166 
 
 |------------------- arstan chronology autoregressive model -------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  3   0.210  0.360  0.096  0.099 
 
 |================ as jim morrison would say, "this is the end" ================| 
 
 
 
Chapter 4 Chronology Files 
A 455-year chronology was produced for Chapter 4 of this dissertation (in preparation 
for journal publication at the time of dissertation submission).  All measurement series are 
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from the outer margin of the shells.  Before constructing the chronology in ARSTAN, the 
first 30 growth increment measurements from each shell were removed.  An adaptive power 
transform was applied to each series in ARSTAN before detrending. 
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Table C-3 Summary of individual shell series and statistical applications used during chronology construction in ARSTAN for Chapter 4 chronology. 
Shell ID 
Median 
14C age 
(CE) 
Year of 
recruitment 
(CE) 
First year in 
measurement 
series (CE) 
Ontogenetic  
age at first year 
of measurement 
series (years) 
Last year in 
measurement 
series (CE) 
Length of 
Series in 
Chronology 
(years) 
Year 
of 
Death 
(CE) 
Lifespan 
(years) Detrending Method 
Part of shell 
measured 
DC16_B1_071 1561 1521 1551 30 1730 179 1730 209 Negative Exponential Margin 
DC16_B1_059 1656 1499 1529 30 1733 204 1740 241 Negative Exponential Margin 
DC14_B1_311 1559 1553 1583 30 1786 203 1790 237 Negative Exponential Margin 
DC16_B1_021 1515 1419 1449 30 1813 364 1780 361 Negative Exponential Margin 
DC14_B1_091 1510 1495 1525 30 1789 264 1790 295 Negative Exponential Margin 
DC16_B1_055 1668 1500 1530 30 1804 274 1804 304 Negative Exponential Margin 
DC14_B1_044 1648 1630 1660 30 1818 158 1818 188 Negative Exponential Margin 
DC16_B1_009 1572 1656 1686 30 1829 143 1835 179 Negative Exponential Margin 
DC14_B1_099 1637 1631 1661 30 1866 205 1868 237 Negative Exponential Margin 
DC14_B1_073 1758 1658 1688 30 1873 185 1874 216 Negative Exponential Margin 
DC16_B1_011 1869 1729 1759 30 1887 128 1888 159 Negative Exponential Margin 
DC14_B1_027 1950 1727 1757 30 1885 128 1892 165 Negative Exponential Margin 
DC13_B3_001 1744 1715 1745 30 1927 182 1927 212 Negative Exponential Margin 
DC16_B1_061 1806 1727 1757 30 1898 141 1919 192 Negative Exponential Margin 
DC14_B1_032 1716 1729 1759 30 1923 164 1928 199 Negative Exponential Margin 
DCING16_050 1765 1722 1752 30 1914 162 1937 215 Negative Exponential Margin 
DC14_B1_051 1812 1729 1759 30 1883 124 1970 241 Negative Exponential Margin 
DC14_B1_097 1864 1728 1758 30 1969 211 1985 257 Negative Exponential Margin 
DC16_B1_064 1773 1729 1759 30 1899 140 1999 270 Negative Exponential Margin 
DC16_B1_017 1771 1709 1739 30 2008 269 2009 300 Negative Exponential Margin 
DC14_B1_020 1858 1868 1898 30 2009 111 2010 142 Negative Exponential Margin 
DC16_B1_043 1854 1728 1758 30 2000 242 2010 282 Negative Exponential Margin 
DC16_B1_074 1742 1722 1752 30 2012 260 2014 292 Negative Exponential Margin 
DC16_B1_077 1692 1726 1756 30 2000 244 2014 288 Negative Exponential Margin 
ING09_021 n/a 1732 1762 30 2008 246 2009 277 Negative Exponential Margin 
ING09_073 n/a 1857 1887 30 2008 121 2009 152 Linear Regression Margin 
ING09_054 n/a 1859 1889 30 2008 119 2009 150 Linear Regression Margin 
ING13_268 n/a 1884 1914 30 2012 98 2013 129 Negative Exponential Margin 
ING09_003 n/a 1890 1920 30 1990 70 2009 119 Linear Regression Margin 
ING09_020 n/a 1732 1762 30 2008 246 2009 277 Negative Exponential Margin 
ING09_074 n/a 1921 1951 30 2008 57 2009 88 Negative Exponential Margin 
ING09_053 n/a 1922 1952 30 2007 55 2009 87 Linear Regression Margin 
ING13_273 n/a 1929 1959 30 2012 53 2013 84 Negative Exponential Margin 
ING13_277 n/a 1924 1954 30 2012 58 2013 89 Negative Exponential Margin 
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Table C-4 Program log output after chronology construction using ARSTAN for Chapter 4 chronology. 
                        ********************************** 
                        ********************************** 
                        ***                            *** 
                        ***      program ARSTAN40c     *** 
                        ***                            *** 
                        ***       creation date:       *** 
                        ***           3/6/06           *** 
                        ***                            *** 
                        ***       programmed by:       *** 
                        ***     Dr. Edward R. Cook     *** 
                        ***       Paul J. Krusic       *** 
                        ***    tree-ring laboratory    *** 
                        ***  lamont-doherty earth obs  *** 
                        ***    palisades, n.y. 10964   *** 
                        *** drdendro@ldeo.columbia.edu *** 
                        ***    pjk@ldeo.columbia.edu   *** 
                        ***                            *** 
                        ********************************** 
                        ********************************** 
 
 |==============================================================================| 
 
 overall run title: run1                                                            
 
 file names file processed:       arstan.files                             
 data file processed:             m1c.txt                                  
 log file processed:              m1c.txt_log                              
 
                       opt          plt 
 tree-ring data type    4                !tree-ring compact data format              
 missing data in gap   -9            0   !missing values estimated (no plots)        
 data transformation    4            1   !spread/level power transform (w/ plots)    
 first detrending       3      0     1   !1st-neg expon curve (any k)                
 second detrending      0      0     0   !2nd-no detrending performed                
 robust detrending      1                !non-robust detrending methods used         
 interactive detrend    2                !interactive detrending used                
 index calculation      2                !residuals or differences (rt-gt)           
 ar modeling method     1            0   !non-robust autoregressive modeling         
 pooled ar order        0            0   !minimum aic pooled ar model order fit  
 series ar order        0                !pooled ar order fit to all series          
 mean chronology        2   0    0   0   !robust (biweight) mean chronology          
 stabilize variance     0                !no variance stabilization performed        
 common period years        0    0       !no common period analysis performed        
 site-tree-core mask       SSSSTTT       !site-tree-core separation mask             
 running rbar              50   49   1   !running rbar window/overlap (w/ plots)     
 printout option        2                !summary & series statistics printed        
 core series save       6                !series saved in tab-delimited columns      
 summary plot displays  3                !spaghetti and mean chronology plots        
 
 stand dynamics stuf    0            0   !no stand dynamics analyses done            
 running mean window    0                !running mean window width                  
 percent growth change  0                !percent growth change threshold            
 std error threshold    0                !standard error limit threshold             
 
 |======================== raw data statistical analyses =======================| 
 
 |------------------- tree-ring series read in for processing ------------------| 
 
 |------------ series gaps found based on any negative number found ------------| 
       *** when data are transformed, zeros are also treated as missing *** 
 
        series      ident      results of scans for gaps or missing values 
 
                            --- no gaps in data found --- 
 
 |------------------ statistics of raw tree-ring measurements ------------------| 
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 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
     1   DB16071  1551   1730    180   0.129   0.196  4.728 26.084  0.345   0.837 
     2   DC16059  1529   1733    205   0.138   0.179  3.496 14.793  0.339   0.867 
     3   DC14311  1583   1786    204   0.064   0.035  1.438  6.214  0.332   0.674 
     4   DB16021  1449   1813    365   0.044   0.052  3.414 16.039  0.404   0.789 
     5   DB14091  1525   1789    265   0.059   0.032  0.863  3.088  0.353   0.654 
     6   DB16055  1530   1804    275   0.060   0.029  0.985  4.208  0.368   0.502 
     7   DB14044  1660   1818    159   0.076   0.042  1.436  5.463  0.364   0.551 
     8   DB16009  1686   1829    144   0.079   0.068  1.451  3.806  0.358   0.834 
     9   DB14099  1661   1866    206   0.059   0.028  1.453  6.918  0.341   0.579 
    10   DB14073  1688   1873    186   0.069   0.061  2.735 10.945  0.353   0.842 
    11   DB16011  1759   1887    129   0.098   0.110  2.604  9.268  0.363   0.841 
    12   DB14027  1757   1885    129   0.108   0.060  1.431  4.970  0.307   0.712 
    13   DB13001  1745   1927    183   0.115   0.130  2.275  7.131  0.365   0.897 
    14   DB16061  1757   1898    142   0.073   0.032  0.945  3.593  0.291   0.612 
    15   DB14032  1759   1923    165   0.084   0.071  1.902  6.499  0.272   0.894 
    16   DC16050  1752   1914    163   0.082   0.099  4.303 22.342  0.338   0.861 
    17   DB14051  1759   1883    125   0.105   0.064  1.676  6.061  0.310   0.782 
    18   DB14097  1758   1969    212   0.064   0.063  2.463  8.220  0.345   0.914 
    19   DB16064  1759   1899    141   0.058   0.030  1.009  4.026  0.346   0.699 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
    20   DB16017  1739   2008    270   0.101   0.106  2.899 12.217  0.353   0.870 
    21   DB14020  1898   2009    112   0.105   0.059  2.121 11.304  0.356   0.685 
    22   DB16043  1758   2000    243   0.060   0.043  2.393 12.291  0.365   0.682 
    23   DB16074  1752   2012    261   0.063   0.043  2.010  8.480  0.424   0.757 
    24   DB16077  1756   2000    245   0.056   0.047  2.002  7.596  0.421   0.782 
    25   LC09021  1762   2008    247   0.057   0.041  2.456 12.794  0.372   0.761 
    26   LC09073  1887   2008    122   0.056   0.031  0.805  3.000  0.439   0.520 
    27   LC09054  1889   2008    120   0.040   0.023  0.823  3.299  0.534   0.404 
    28   LC13268  1914   2012     99   0.078   0.036  0.666  4.974  0.334   0.432 
    29   LC09003  1920   1990     71   0.292   0.159  1.437  5.347  0.532   0.326 
    30   LC09020  1762   2008    247   0.034   0.023  1.739  6.872  0.392   0.752 
    31   LC09074  1951   2008     58   1.085   0.615  0.502  2.406  0.479   0.402 
    32   LC09053  1952   2007     56   0.729   0.408  0.796  2.841  0.426   0.498 
    33   LC13273  1959   2012     54   0.081   0.051  0.823  2.964  0.403   0.574 
    34   LC13277  1954   2012     59   0.129   0.094  1.371  4.000  0.365   0.673 
 
       number of series read in:   34   from   1449  to   2012     564 years 
 
 |---------------- summary of raw tree-ring series statistics ------------------| 
 
                                year    mean   stdev   skew   kurt   sens   ac(1) 
 arithmetic mean                 172   0.133   0.093  1.866  7.943  0.373   0.690 
 standard deviation               75   0.206   0.118  1.034  5.522  0.058   0.163 
 median (50th quantile)          164   0.077   0.055  1.564  6.356  0.360   0.705 
 interquartile range             121   0.046   0.064  1.471  6.946  0.062   0.263 
 minimum value                    53   0.034   0.023  0.502  2.406  0.272   0.326 
 lower hinge (25th quantile)     122   0.059   0.035  0.985  4.000  0.341   0.574 
 upper hinge (75th quantile)     243   0.105   0.099  2.456 10.945  0.403   0.837 
 maximum value                   365   1.085   0.615  4.728 26.084  0.534   0.914 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
    373    0.486     0.221      0.011   -0.515      2.720    -0.194     0.900 
 
   minimum correlation: -0.194   series  DB16043    and  LC13277      47 years 
   maximum correlation:  0.900   series  DB16011    and  DB14032     129 years 
 
       percent of all possible correlations used (n>20 years):      66.49 
       percent of all possible tree-ring years used in rbar:        12.16 
 
 |--------------------------- running rbar statistics --------------------------| 
 
             439 running rbar segments calculated and stored in file 
 
 |==================== transformed data statistical analyses ===================| 
 
 |------------------ statistics of transformed tree-ring data ------------------| 
188 
 
 
 
                                                            spread vs level tests 
 series   ident    mean   sdev    skew   kurt   sens  ac(1)  corr1   corr2  power 
     1  DB16071   0.302  0.229   2.618 10.986  0.342  0.836  0.372  -0.015  0.380 
     2  DC16059   0.333  0.198   1.861  6.631  0.279  0.846  0.438   0.032  0.277 
     3  DC14311   0.088  0.039   0.656  3.585  0.312  0.685  0.226   0.031  0.544 
     4  DB16021   0.085  0.069   1.632  6.032  0.520  0.816  0.446   0.076  0.330 
     5  DB14091   0.076  0.033   0.353  2.416  0.313  0.656  0.245   0.024  0.487 
     6  DB16055   0.071  0.031   0.562  3.236  0.355  0.506  0.148   0.025  0.681 
     7  DB14044   0.117  0.046   0.361  3.052  0.305  0.578  0.308   0.026  0.301 
     8  DB16009   0.125  0.069   0.725  2.517  0.310  0.820  0.468   0.051  0.261 
     9  DB14099   0.082  0.031   0.613  3.863  0.302  0.569  0.177   0.011  0.521 
    10  DB14073   0.117  0.066   1.561  5.641  0.314  0.805  0.312   0.012  0.449 
    11  DB16011   0.181  0.124   1.407  4.770  0.321  0.849  0.413   0.085  0.431 
    12  DB14027   0.137  0.064   0.817  3.465  0.293  0.705  0.220   0.024  0.552 
    13  DB13001   0.227  0.136   1.087  3.778  0.301  0.874  0.487   0.017  0.310 
    14  DB16061   0.099  0.034   0.019  2.564  0.248  0.636  0.369   0.064  0.091 
    15  DB14032   0.133  0.077   0.860  3.268  0.246  0.893  0.414   0.018  0.399 
    16  DC16050   0.193  0.111   1.985  8.643  0.296  0.836  0.395   0.009  0.350 
    17  DB14051   0.149  0.063   0.740  3.963  0.247  0.773  0.229   0.013  0.519 
    18  DB14097   0.100  0.066   1.617  5.277  0.335  0.877  0.407   0.014  0.468 
    19  DB16064   0.067  0.031   0.592  3.312  0.322  0.687  0.154   0.030  0.716 
 
 series   ident    mean   sdev    skew   kurt   sens  ac(1)  corr1   corr2  power 
    20  DB16017   0.191  0.121   1.472  5.643  0.318  0.873  0.401   0.017  0.470 
    21  DB14020   0.148  0.066   0.911  5.246  0.325  0.674  0.247   0.031  0.572 
    22  DB16043   0.105  0.055   0.729  4.249  0.350  0.735  0.344   0.022  0.432 
    23  DB16074   0.078  0.046   1.358  5.812  0.413  0.725  0.165   0.022  0.730 
    24  DB16077   0.095  0.059   0.823  3.278  0.433  0.779  0.414   0.052  0.372 
    25  LC09021   0.097  0.053   0.945  4.591  0.366  0.737  0.341   0.065  0.461 
    26  LC09073   0.068  0.031   0.375  2.469  0.400  0.501  0.216   0.038  0.592 
    27  LC09054   0.041  0.024   0.657  2.967  0.571  0.399  0.110   0.035  0.837 
    28  LC13268   0.108  0.039  -0.509  3.685  0.260  0.564  0.270   0.057  0.447 
    29  LC09003   0.351  0.162   0.850  3.934  0.488  0.269  0.233   0.057  0.655 
    30  LC09020   0.043  0.028   0.861  3.625  0.479  0.732  0.273   0.056  0.473 
    31  LC09074   1.336  0.618  -0.094  2.179  0.408  0.465  0.341   0.081  0.418 
    32  LC09053   0.825  0.417   0.385  2.363  0.406  0.465  0.174   0.061  0.585 
    33  LC13273   0.122  0.054  -0.487  2.493  0.290  0.714  0.589   0.221  0.000 
    34  LC13277   0.214  0.091   0.086  2.291  0.261  0.750  0.521   0.070  0.000 
 
 |------------- summary of transformed tree-ring series statistics -------------| 
 
                                                            spread vs level tests 
                  mean   sdev    skew   kurt   sens  ac(1)  corr1   corr2   power 
 arith mean      0.191  0.099   0.836  4.171  0.345  0.695  0.320   0.042   0.444 
 std deviation   0.246  0.119   0.679  1.894  0.080  0.154  0.120   0.040   0.187 
 median          0.117  0.063   0.778  3.655  0.320  0.729  0.327   0.031   0.455 
 interquartile   0.106  0.072   0.973  2.279  0.104  0.243  0.186   0.039   0.202 
 minimum value   0.041  0.024  -0.509  2.179  0.246  0.269  0.110  -0.015   0.000 
 lower hinge     0.085  0.039   0.385  2.967  0.296  0.578  0.226   0.018   0.350 
 upper hinge     0.191  0.111   1.358  5.246  0.400  0.820  0.413   0.057   0.552 
 maximum value   1.336  0.618   2.618 10.986  0.571  0.893  0.589   0.221   0.837 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
    373    0.501     0.220      0.011   -0.632      2.824    -0.171     0.889 
 
   minimum correlation: -0.171   series  DB16043    and  LC13277      47 years 
   maximum correlation:  0.889   series  DB16011    and  DB14032     129 years 
 
       percent of all possible correlations used (n>20 years):      66.49 
       percent of all possible tree-ring years used in rbar:        12.16 
 
 |--------------------------- running rbar statistics --------------------------| 
 
             439 running rbar segments calculated and stored in file 
 
 |======================== raw data chronology statistics ======================| 
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 |----------------- robust mean raw data chronology statistics -----------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1449    2012     564    0.114   0.052    1.508      6.968    0.247    0.761 
 
  mean indices vs their standard deviations       robust mean efficiency results 
      correlation    slope    intercept             # improved    # unimproved 
        0.128        0.096      0.044                    240            324 
 
 |---------------- robust mean efficiency gain and loss results ----------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
    gain           range            gain        hinge       hinge         gain 
    2.86           16.24            0.00         1.13       17.37       219.84 
 
   median      interquartile      minimum       lower       upper       maximum 
    loss           range            loss        hinge       hinge         loss 
    0.89            0.39            0.00         0.58        0.97         1.00 
 
 |--------------------- segment length summary statistics ----------------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
   length          range           length       hinge       hinge        length 
     164.           121.             54.         122.        243.          365. 
 
 |----------- raw data chronology auto and partial autocorrelations ------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.760  0.680  0.643  0.622  0.625  0.601  0.582  0.583  0.548  0.529 
 pacf        0.760  0.242  0.170  0.133  0.152  0.056  0.051  0.089 -0.021  0.010 
 95% c.l.    0.084  0.124  0.148  0.166  0.182  0.197  0.209  0.221  0.231  0.240 
 
 |------------------ raw data chronology autoregressive model ------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  8   0.676  0.431  0.098  0.075  0.026  0.146  0.034  0.020  0.100 
 
 |================== detrended data curve fits and statistics ==================| 
 
 |------------------------ results of first detrending -------------------------| 
 
 |--------------- growth curve used for detrending tree-ring data --------------| 
   option 
     -5: variable span smoother         f(i) = variable span smooth 
     -4: lowess robust smoother         f(i) = lowess robust smooth 
     -3: median smoothing               f(i) = median sharp/smooth 
    -2:  regional curve detrending      f(i) = one age-aligned curve 
    -1:  first-differences              f(i) = y(i) - y(i-1) 
     1:  neg expon curve, no = opt 4    f(i) = a*exp(-b*t(i)) + d    (d>0) 
     2:  neg expon curve, no = opt 5    f(i) = a*exp(-b*t(i)) + d    (d>0) 
     3:  neg expon curve  (general)     f(i) = a*exp(-b*t(i)) + d   (any d) 
     4:  linear regression (any slope)  f(i) = +/-c*t(i) + d 
     5:  linear regression (neg slope)  f(i) = -c*t(i) + d    
     6:  horizontal line through mean   f(i) = mean(y(i)) = d 
     7:  hugershoff growth function     f(i) = a*t(i+p)**b * exp(-c*t(i+p)) + d 
     8:  general exponential (b = 1)    f(i) = a*t(i+p)**b * exp(-c*t(i+p)) + d 
    >9:  cubic smoothing spline         fixed 50 pct variance cutoff 
   <-9:  cubic smoothing spline         pct n 50 pct variance cutoff 
 
   (a, b, c are coefficients, d is intercept or asymptote, p is pith offset) 
 
 series   ident     option       a           b           c           d         p 
     1   DB16071       3     1.331552    0.102896    0.000000    0.234469       0 
     2   DC16059       3     0.822056    0.037727    0.000000    0.228324       0 
     3   DC14311       3     0.125322    0.009256    0.000000    0.031702       0 
     4   DB16021       3     0.258905    0.018322    0.000000    0.046309       0 
     5   DB14091       3     0.089437    0.008412    0.000000    0.040055       0 
     6   DB16055       3     0.297407    0.000687    0.000000   -0.200308       0 
     7   DB14044       3     0.110436    0.007607    0.000000    0.053007       0 
     8   DB16009       3     0.211763    0.023291    0.000000    0.065293       0 
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     9   DB14099       3     0.082829    0.012367    0.000000    0.052253       0 
    10   DB14073       3     0.240864    0.033760    0.000000    0.079365       0 
    11   DB16011       3     0.450889    0.041679    0.000000    0.099660       0 
    12   DB14027       3     0.196363    0.018845    0.000000    0.063981       0 
    13   DB13001       3     0.471558    0.018485    0.000000    0.093023       0 
    14   DB16061       3     0.384393    0.001506    0.000000   -0.246336       0 
    15   DB14032       3     0.302666    0.009322    0.000000   -0.020798       0 
    16   DC16050       3     0.584911    0.098618    0.000000    0.158470       0 
    17   DB14051       3     0.196162    0.014018    0.000000    0.056550       0 
    18   DB14097       3     0.244234    0.030026    0.000000    0.062677       0 
    19   DB16064       3     0.093216    0.024055    0.000000    0.041151       0 
 
 series   ident     option       a           b           c           d         p 
    20   DB16017       3     0.456416    0.023893    0.000000    0.120983       0 
    21   DB14020       3     0.136334    0.081347    0.000000    0.133286       0 
    22   DB16043       3     0.144164    0.019008    0.000000    0.074518       0 
    23   DB16074       3     0.150908    0.024835    0.000000    0.055328       0 
    24   DB16077       3     0.190654    0.018677    0.000000    0.054024       0 
    25   LC09021       3     0.133085    0.015437    0.000000    0.062862       0 
    26   LC09073       3   --> curve fit option failed and changed to:     4 
    26   LC09073       4     0.000000    0.000000    0.000276    0.050983       0 
    27   LC09054       3   --> curve fit option failed and changed to:     4 
    27   LC09054       4     0.000000    0.000000    0.000332    0.020921       0 
    28   LC13268       3     4.665860    0.000155    0.000000   -4.521388       0 
    29   LC09003       3   --> curve fit option failed and changed to:     4 
    29   LC09003       4     0.000000    0.000000    0.001964    0.280099       0 
    30   LC09020       3     0.075536    0.021487    0.000000    0.028928       0 
    31   LC09074       3    96.621673    0.000186    0.000000  -94.754211       0 
    32   LC09053       3   --> curve fit option failed and changed to:     4 
    32   LC09053       4     0.000000    0.000000    0.001437    0.784040       0 
    33   LC13273       3     9.839587    0.000204    0.000000   -9.662655       0 
    34   LC13277       3     6.579704    0.000669    0.000000   -6.235430       0 
 
 |-------------------- statistics of single tree-ring series -------------------| 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
     1  DB16071   1551   1730    180   0.999   0.440  0.176  3.344  0.328   0.639 
     2  DC16059   1529   1733    205   1.000   0.289 -0.454  3.618  0.282   0.352 
     3  DC14311   1583   1786    204   0.999   0.314  0.044  3.087  0.317   0.332 
     4  DB16021   1449   1813    365   0.998   0.531  0.345  3.277  4.461   0.397 
     5  DB14091   1525   1789    265   1.000   0.339  0.044  2.635  0.321   0.391 
     6  DB16055   1530   1804    275   1.000   0.379  0.209  3.250  0.363   0.357 
     7  DB14044   1660   1818    159   1.000   0.342 -0.068  2.872  0.310   0.466 
     8  DB16009   1686   1829    144   1.001   0.385  0.478  2.701  0.296   0.566 
     9  DB14099   1661   1866    206   0.999   0.285  0.185  3.225  0.301   0.202 
    10  DB14073   1688   1873    186   0.999   0.317 -0.199  3.386  0.302   0.422 
    11  DB16011   1759   1887    129   0.999   0.418  0.007  2.627  0.427   0.592 
    12  DB14027   1757   1885    129   0.999   0.307  0.225  3.065  0.285   0.352 
    13  DB13001   1745   1927    183   0.998   0.327 -0.041  3.150  0.294   0.487 
    14  DB16061   1757   1898    142   0.997   0.280  0.217  3.238  0.260   0.421 
    15  DB14032   1759   1923    165   0.999   0.296  0.698  4.086  0.212   0.628 
    16  DC16050   1752   1914    163   1.000   0.366 -0.300  2.466  0.298   0.579 
    17  DB14051   1759   1883    125   0.999   0.304  0.151  2.438  0.234   0.588 
    18  DB14097   1758   1969    212   1.000   0.369  0.302  3.184  0.305   0.584 
    19  DB16064   1759   1899    141   1.000   0.342  0.156  2.423  0.349   0.304 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
    20  DB16017   1739   2008    270   0.999   0.383 -0.027  2.430  0.327   0.613 
    21  DB14020   1898   2009    112   0.999   0.403  0.462  3.573  0.323   0.612 
    22  DB16043   1758   2000    243   0.999   0.436  0.225  2.481  0.351   0.582 
    23  DB16074   1752   2012    261   1.000   0.417  0.206  2.480  0.415   0.369 
    24  DB16077   1756   2000    245   1.000   0.457  0.227  2.550  0.462   0.411 
    25  LC09021   1762   2008    247   0.999   0.437  0.274  3.346  0.391   0.582 
    26  LC09073   1887   2008    122   1.004   0.457  0.328  2.740  0.414   0.441 
    27  LC09054   1889   2008    120   1.013   0.542  0.348  2.756  0.597   0.211 
    28  LC13268   1914   2012     99   0.994   0.341  0.255  3.233  0.279   0.402 
    29  LC09003   1920   1990     71   1.000   0.442  0.693  3.696  0.481   0.220 
    30  LC09020   1762   2008    247   1.000   0.565  0.540  3.013  4.915   0.564 
    31  LC09074   1951   2008     58   0.988   0.419  0.049  2.545  0.437   0.320 
    32  LC09053   1952   2007     56   1.000   0.502  0.351  2.335  0.400   0.463 
    33  LC13273   1959   2012     54   0.981   0.391  0.057  2.209  0.309   0.600 
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    34  LC13277   1954   2012     59   0.997   0.240 -0.542  5.887  0.244   0.382 
 
 |---------------- summary of single tree-ring series statistics ---------------| 
 
                                year    mean   stdev   skew   kurt   sens   ac(1) 
 arithmetic mean                 172   0.999   0.384  0.165  3.040  0.597   0.454 
 standard deviation               75   0.005   0.080  0.276  0.678  1.043   0.130 
 median (50th quantile)          164   0.999   0.381  0.207  3.039  0.322   0.432 
 interquartile range             121   0.001   0.121  0.284  0.733  0.118   0.225 
 minimum value                    53   0.981   0.240 -0.542  2.209  0.212   0.202 
 lower hinge (25th quantile)     122   0.999   0.317  0.044  2.545  0.296   0.357 
 upper hinge (75th quantile)     243   1.000   0.437  0.328  3.277  0.414   0.582 
 maximum value                   365   1.013   0.565  0.698  5.887  4.915   0.639 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
    373    0.409     0.153      0.008   -0.267      2.907    -0.149     0.738 
 
   minimum correlation: -0.149   series  DC14311    and  DB16017      48 years 
   maximum correlation:  0.738   series  LC09074    and  LC09053      56 years 
 
       percent of all possible correlations used (n>20 years):      66.49 
       percent of all possible tree-ring years used in rbar:        12.16 
 
 |--------------------------- running rbar statistics --------------------------| 
 
             439 running rbar segments calculated and stored in file 
 
 |======================== standard chronology statistics ======================| 
 
 |----------------- robust mean standard chronology statistics -----------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1449    2012     564    0.981   0.356    0.449      6.476    0.327    0.435 
 
  mean indices vs their standard deviations       robust mean efficiency results 
      correlation    slope    intercept             # improved    # unimproved 
        0.132        0.051      0.191                    146            418 
 
 |---------------- robust mean efficiency gain and loss results ----------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
    gain           range            gain        hinge       hinge         gain 
    1.22            0.47            0.00         1.05        1.52        17.67 
 
   median      interquartile      minimum       lower       upper       maximum 
    loss           range            loss        hinge       hinge         loss 
    0.90            0.12            0.00         0.83        0.95         1.00 
 
 |----------- standard chronology auto and partial autocorrelations ------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.434  0.244  0.185  0.163  0.259  0.205  0.138  0.152  0.132  0.166 
 pacf        0.434  0.068  0.070  0.061  0.188  0.020 -0.004  0.063  0.020  0.058 
 95% c.l.    0.084  0.099  0.103  0.105  0.107  0.111  0.114  0.115  0.117  0.118 
 
 |------------------ standard chronology autoregressive model ------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  3   0.202  0.402  0.042  0.070 
 
 |-------------------- final adjusted chronology statistics --------------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1449    2012     564    0.981   0.356   -0.022      5.901    0.386    0.429 
 
 |======================= pooled autoregression analysis =======================| 
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 pooled autocorrelations: 
 
 lag     t= -1  t= -2  t= -3  t= -4  t= -5  t= -6  t= -7  t= -8  t= -9  t=-10 
         0.494  0.326  0.301  0.231  0.202  0.214  0.229  0.220  0.204  0.176 
 
 yule-walker estimates of autoregression: 
 
 order   t= -1  t= -2  t= -3  t= -4  t= -5  t= -6  t= -7  t= -8  t= -9  t=-10 
    1    0.494 
    2    0.441  0.108 
    3    0.426  0.047  0.139 
    4    0.422  0.046  0.129  0.025 
    5    0.421  0.039  0.126  0.004  0.050 
    6    0.417  0.039  0.117  0.001  0.018  0.076 
    7    0.411  0.037  0.117 -0.009  0.015  0.041  0.084 
    8    0.407  0.035  0.116 -0.008  0.009  0.039  0.064  0.051 
    9    0.405  0.033  0.115 -0.009  0.009  0.035  0.062  0.037  0.033 
   10    0.405  0.033  0.114 -0.009  0.009  0.035  0.062  0.037  0.031  0.006 
 
 last term in each row above equals the partial autocorrelation coefficient 
 
 akaike information criterion: 
 
      ar( 0)      ar( 1)      ar( 2)      ar( 3)      ar( 4)      ar( 5)   
     4883.29     4727.20     4722.56     4713.48     4715.12     4715.70 
 
      ar( 6)      ar( 7)      ar( 8)      ar( 9)      ar(10)   
     4714.44     4712.42     4712.96     4714.35     4716.33 
 
 selected autoregression order:   3 
 
 ar order selection criterion: ipp=0  first-minimum aic selection 
 
 the aic trace should be checked to see if ar order selection criterion <ipp> 
 is adequate. e.g. if ar-orders of the first-minimum and the full-minimum aic 
 are close, an arstan run with full-minimum aic order selection might be tried 
 
 autoregression coefficients: 
 
  t= -1   t= -2   t= -3   t= -4   t= -5   t= -6   t= -7   t= -8   t= -9   t=-10    
  0.426   0.047   0.139 
 
 r-squared due to pooled autoregression:   26.78 pct 
 variance inflation from autoregression:  136.58 pct 
 
 impulse response function weights for this ar ( 3) process out to order 50: 
 
  1.0000   0.426   0.228   0.256   0.179   0.120   0.095   0.071   0.052   0.039 
  0.0288   0.021   0.016   0.012   0.009   0.006   0.005   0.004   0.003   0.002 
  0.0015   0.001   0.001   0.001   0.000   0.000   0.000   0.000   0.000   0.000 
  0.0001   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000 
  0.0000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000 
 
 |================== individual series autoregression analyses =================| 
 
 |---------------- individual series autoregressive coefficients ---------------| 
 
     series    ident    order     rsq     t-1     t-2     t-3   .....    t-ip 
         1   DB16071      3     0.436   0.530   0.048   0.160 
         2   DC16059      3     0.132   0.349   0.040  -0.075 
         3   DC14311      3     0.123   0.327   0.076  -0.073 
         4   DB16021      3     0.180   0.333   0.144   0.032 
         5   DB14091      3     0.157   0.387   0.038  -0.053 
         6   DB16055      3     0.137   0.361  -0.019   0.030 
         7   DB14044      3     0.233   0.467   0.002   0.032 
         8   DB16009      3     0.360   0.436   0.193   0.051 
         9   DB14099      3     0.043   0.203  -0.008   0.028 
        10   DB14073      3     0.190   0.377   0.067   0.068 
        11   DB16011      3     0.376   0.496   0.134   0.047 
        12   DB14027      3     0.183   0.354   0.010  -0.012 
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        13   DB13001      3     0.252   0.492  -0.052   0.099 
        14   DB16061      3     0.199   0.392   0.056   0.035 
        15   DB14032      3     0.453   0.505   0.083   0.151 
        16   DC16050      3     0.422   0.500  -0.021   0.241 
        17   DB14051      3     0.395   0.462   0.091   0.169 
        18   DB14097      3     0.398   0.496   0.011   0.204 
        19   DB16064      3     0.142   0.283   0.017   0.134 
 
     series    ident    order     rsq     t-1     t-2     t-3   .....    t-ip 
        20   DB16017      3     0.425   0.456   0.153   0.128 
        21   DB14020      3     0.427   0.499   0.281  -0.098 
        22   DB16043      3     0.457   0.369   0.090   0.335 
        23   DB16074      3     0.184   0.278   0.129   0.155 
        24   DB16077      3     0.192   0.345   0.111   0.072 
        25   LC09021      3     0.351   0.517   0.107   0.012 
        26   LC09073      3     0.252   0.318   0.205   0.096 
        27   LC09054      3     0.114   0.149   0.193   0.096 
        28   LC13268      3     0.324   0.225   0.136   0.356 
        29   LC09003      3     0.210   0.210   0.017   0.077 
        30   LC09020      3     0.333   0.519   0.007   0.117 
        31   LC09074      3     0.117   0.298   0.049   0.053 
        32   LC09053      3     0.234   0.442   0.062   0.021 
        33   LC13273      3     0.444   0.407   0.235   0.110 
        34   LC13277      3     0.162   0.395  -0.042   0.027 
 
 |------------- summary statistics for autoregressive coefficients -------------| 
 
                        order     rsq     t-1     t-2     t-3   .....    t-ip 
   arithmetic mean        3     0.266   0.388   0.078   0.083 
   standard deviation     0     0.124   0.103   0.082   0.103 
   median                 3     0.233   0.389   0.065   0.070 
   interquartile range    0     0.233   0.165   0.123   0.106 
   minimum value          3     0.043   0.149  -0.052  -0.098 
   lower hinge            3     0.162   0.327   0.011   0.028 
   upper hinge            3     0.395   0.492   0.134   0.134 
   maximum value          3     0.457   0.530   0.281   0.356 
 
 |------------------- statistics of prewhitened tree-ring data -----------------| 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
     1  DB16071   1551   1730    180   1.001   0.329  0.023  3.887  0.398  -0.009 
     2  DC16059   1529   1733    205   1.000   0.268 -0.435  3.681  0.312   0.003 
     3  DC14311   1583   1786    204   1.000   0.293  0.053  3.165  0.348  -0.009 
     4  DB16021   1449   1813    365   1.002   0.474  0.421  3.325  0.560   0.007 
     5  DB14091   1525   1789    265   1.000   0.311  0.068  2.818  0.368   0.001 
     6  DB16055   1530   1804    275   1.000   0.354  0.342  3.803  0.396   0.003 
     7  DB14044   1660   1818    159   1.000   0.299 -0.069  2.919  0.348  -0.008 
     8  DB16009   1686   1829    144   1.000   0.308  0.634  3.606  0.341   0.000 
     9  DB14099   1661   1866    206   1.000   0.279  0.235  3.286  0.323  -0.001 
    10  DB14073   1688   1873    186   1.000   0.285  0.000  3.259  0.337  -0.002 
    11  DB16011   1759   1887    129   1.001   0.327 -0.195  2.835  0.402  -0.002 
    12  DB14027   1757   1885    129   1.000   0.287  0.127  3.103  0.319   0.004 
    13  DB13001   1745   1927    183   1.000   0.284 -0.074  3.100  0.336  -0.006 
    14  DB16061   1757   1898    142   1.000   0.253  0.228  2.987  0.301  -0.005 
    15  DB14032   1759   1923    165   1.000   0.223  0.236  2.841  0.257  -0.035 
    16  DC16050   1752   1914    163   1.000   0.285  0.029  2.772  0.326  -0.061 
    17  DB14051   1759   1883    125   1.000   0.236 -0.089  2.757  0.270  -0.019 
    18  DB14097   1758   1969    212   1.000   0.289  0.267  3.213  0.345  -0.035 
    19  DB16064   1759   1899    141   1.000   0.322  0.173  2.882  0.401  -0.020 
 
 series   ident   frst   last   year    mean   stdev   skew   kurt   sens   ac(1) 
    20  DB16017   1739   2008    270   1.000   0.292 -0.094  3.053  0.354  -0.018 
    21  DB14020   1898   2009    112   1.000   0.304  0.482  3.436  0.351   0.003 
    22  DB16043   1758   2000    243   1.000   0.320  0.391  3.640  0.371   0.005 
    23  DB16074   1752   2012    261   1.000   0.377  0.167  2.656  0.450   0.000 
    24  DB16077   1756   2000    245   1.000   0.411  0.308  2.736  0.497  -0.004 
    25  LC09021   1762   2008    247   1.000   0.351  0.077  3.801  0.423  -0.001 
    26  LC09073   1887   2008    122   1.000   0.392  0.209  2.788  0.455  -0.014 
    27  LC09054   1889   2008    120   1.001   0.512  0.556  3.227  0.599   0.011 
    28  LC13268   1914   2012     99   1.000   0.279  0.388  4.486  0.298  -0.008 
    29  LC09003   1920   1990     71   1.000   0.429  0.608  3.908  0.502   0.029 
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    30  LC09020   1762   2008    247   1.002   0.457  0.388  3.081  0.559   0.000 
    31  LC09074   1951   2008     58   1.000   0.395  0.006  2.959  0.477   0.005 
    32  LC09053   1952   2007     56   1.000   0.438  0.331  3.009  0.492   0.003 
    33  LC13273   1959   2012     54   1.000   0.293 -0.209  2.932  0.357  -0.014 
    34  LC13277   1954   2012     59   1.000   0.222 -0.406  4.333  0.266   0.004 
 
 |------------- summary of prewhitened tree-ring series statistics -------------| 
 
                                year    mean   stdev   skew   kurt   sens   ac(1) 
 arithmetic mean                 172   1.000   0.329  0.152  3.244  0.386  -0.006 
 standard deviation               75   0.001   0.072  0.264  0.466  0.088   0.016 
 median (50th quantile)          164   1.000   0.306  0.170  3.102  0.355  -0.002 
 interquartile range             121   0.000   0.092  0.342  0.725  0.123   0.012 
 minimum value                    53   1.000   0.222 -0.435  2.656  0.257  -0.061 
 lower hinge (25th quantile)     122   1.000   0.285  0.000  2.882  0.326  -0.009 
 upper hinge (75th quantile)     243   1.000   0.377  0.342  3.606  0.450   0.003 
 maximum value                   365   1.002   0.512  0.634  4.486  0.599   0.029 
 
 |-------------------- all possible series rbar statistics ---------------------| 
 
   total    mean   standard   standard  skewess   kurtosis   minimum   maximum 
   corrs    rbar   deviation    error    coeff      coeff      corr      corr 
    373    0.394     0.131      0.007   -0.508      3.616    -0.092     0.692 
 
   minimum correlation: -0.092   series  DC14311    and  DB16017      48 years 
   maximum correlation:  0.692   series  DC16059    and  DB14044      74 years 
 
       percent of all possible correlations used (n>20 years):      66.49 
       percent of all possible tree-ring years used in rbar:        12.16 
 
 |--------------------------- running rbar statistics --------------------------| 
 
             439 running rbar segments calculated and stored in file 
 
 |======================== residual chronology statistics ======================| 
 
 |----------------- robust mean residual chronology statistics -----------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1449    2012     564    0.993   0.312    0.572      6.900    0.325    0.049 
 
  mean indices vs their standard deviations       robust mean efficiency results 
      correlation    slope    intercept             # improved    # unimproved 
        0.084        0.031      0.174                    140            424 
 
 |---------------- robust mean efficiency gain and loss results ----------------| 
 
   median      interquartile      minimum       lower       upper       maximum 
    gain           range            gain        hinge       hinge         gain 
    1.18            0.47            0.10         1.04        1.52        24.83 
 
   median      interquartile      minimum       lower       upper       maximum 
    loss           range            loss        hinge       hinge         loss 
    0.90            0.11            0.00         0.84        0.95         1.00 
 
 |----------- residual chronology auto and partial autocorrelations ------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.048 -0.073 -0.051 -0.007  0.162  0.088 -0.013  0.020  0.031  0.102 
 pacf        0.048 -0.076 -0.044 -0.008  0.157  0.072  0.001  0.046  0.038  0.084 
 95% c.l.    0.084  0.084  0.085  0.085  0.085  0.087  0.088  0.088  0.088  0.088 
 
 |------------------ residual chronology autoregressive model ------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  2   0.010  0.053 -0.076 
 
 |-------------------- final adjusted chronology statistics --------------------| 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
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   year    year    years   index     dev     coeff     coeff     sens     corr 
   1449    2012     564    0.993   0.312   -0.072      6.627    0.355    0.034 
 
 |---------- rewhitened chronology auto and partial autocorrelations -----------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf        -0.001  0.007  0.014 -0.012  0.149  0.084 -0.001  0.036  0.032  0.086 
 pacf       -0.001  0.007  0.014 -0.012  0.149  0.086 -0.001  0.032  0.035  0.069 
 95% c.l.    0.084  0.084  0.084  0.084  0.084  0.086  0.087  0.087  0.087  0.087 
 
 |----------------- rewhitened chronology autoregressive model -----------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  3   0.000 -0.001  0.007  0.014 
 
 |========================= arstan chronology statistics =======================| 
 
 |----------------- robust mean arstan chronology statistics -------------------| 
 
 
  first    last    total    mean    stdrd    skew    kurtosis    mean    serial 
   year    year    years   index     dev     coeff     coeff     sens     corr 
   1449    2012      564   0.995   0.379    0.096      5.544    0.340    0.528 
 
 |------------ arstan chronology auto and partial autocorrelations -------------| 
 
 lag           t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
 acf         0.527  0.393  0.373  0.306  0.348  0.289  0.213  0.215  0.205  0.199 
 pacf        0.527  0.159  0.163  0.045  0.163  0.007 -0.033  0.031  0.032  0.026 
 95% c.l.    0.084  0.105  0.115  0.123  0.129  0.135  0.139  0.142  0.144  0.146 
 
 |------------------- arstan chronology autoregressive model -------------------| 
 
 ord    rsq    t-1    t-2    t-3    t-4    t-5    t-6    t-7    t-8    t-9   t-10 
  3   0.320  0.418  0.090  0.163 
 
 |================ as jim morrison would say, "this is the end" ================| 
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APPENDIX D.    SEABED MAPS AT INGØYA 
 
The Institute for Marine Research (IMR), the Geological Survey of Norway, and the 
Mapping Authority of Norway have generated numerous geospatial datasets documenting 
marine conditions along the coast of Norway.  Norway boasts the largest fishery in Europe, 
and 10th largest in the world1, making coastal marine environmental monitoring a significant 
priority.  Additionally, an active hydrocarbon industry along the Norwegian shelf makes this 
data essential both for industry interests in exploration and for evaluating potential threats to 
ecosystems from such activity, especially in the case of disaster.  Available data include 
seafloor landforms, sediment genesis, sediment grain size, and relative hardness, 
micronutrient and metals concentrations, and biological information such as species 
distribution, productivity, habitat, and biodiversity.  Several of these datasets provide useful 
exploration guides for deepwater A. islandica populations at Ingøya, one of the northernmost 
islands off mainland Norway.   
Across the North Atlantic Ocean, A. islandica has been found at depths ranging from 
shallow subtidal to ~500m and most commonly between 25 to 60m2.  Temperature 
limitations for A. islandica restrict its distribution to waters between 0 to 19°C.  At Ingøya, 
depths within 3km off the western side of the island and 4-5km off the northern and 
northeastern side of the island are typically less than 100m.  The first major shelf break  
 
                                                 
 
1 Food and Agriculture Organization of the United Nations, 2016. The State of World 
Fisheries and Aquaculture 2016. Contributing to food security and nutrition for all. Rome. 
 
2 Morton, B., 2011.  The biology and functional morphology of Arctica islandica 
(Bivalvia: Arcticidae): A gerontophilic living fossil. 
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occurs at approximately these distances and depths as well, falling to 100-250m depths to the 
east and west and 300-400m depths to the north.   No additional major shelf breaks occur 
beyond this distance as depths of 300-400m characterize the bulk of the interior Barents Sea.  
Minimum and maximum temperatures at the IMR’s Ingøya oceanographic monitoring station 
measured intermittently over the past ~80 years rarely reach below 2°C or above 13°C.  
Thus, according to understanding of the preferred habitat for A. islandica, the waters 
surrounding Ingøya offer favorable conditions for populations within reasonable distances 
from shore (<6km).   Food quality and quantity at such depths, however, is hypothesized to 
be quite poor compared to the shallow bay where most A. islandica specimens have been 
collected. 
A. islandica prefers to bury itself in the top 5cm of muddy to sandy sediments of 
continental shelf areas2.  According to available data concerning sediment size on the 
seafloor surrounding Ingøya, typical seafloor cover in the area includes sand, gravel, cobbles, 
boulders, and thin cover over bedrock.  The most accessible patches and strips of the finest 
grain sediments (sand) can be found along the first major shelf break to the north of Ingøya 
as well as in deeper basins and holes to the East.  Therefore, while temperature and depth 
conditions provide suitable conditions for A. islandica, sediment type is a more limiting 
factor.  
Figure D1 shows locations of dredging attempts in deep waters surrounding Ingøya.  
Most attempts have been made in targeted “sand” or “gravel sand” areas, as defined by the 
IMR datasets.  Few locations have produced live material, with only 9 samples collected 
alive between 2013 and 2016 (Table D1).  Sampling in certain areas was sometimes 
restricted due to fishing activities in the area.  These “off-limits” areas may, indeed, contain 
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abundant, high quality live material as evidenced by their use as productive fishing grounds, 
however, special permissions, planning, and coordination may be required if they are to be 
explored (i.e., dredged) during future field campaigns. 
 
 
Table D-1 Locations of live caught A. islandica from Ingøya. 
Arctica 
reference # Collector 
Collection 
date 
Name/ 
Waypoint Dredge In Dredge Out 
Water 
Depth 
ING14_500 Wanamaker  Aug-14 The Bowl 71° 06.80 N 
24° 21.228 E 
71° 06.654 N 
24° 22.147 E 
170m 
ING14_501 Wanamaker  Aug-14 The Bowl same as above same as above 170m 
ING15_101 Carroll May-15 The Bowl same as above same as above 170m 
ING15_102 Wanamaker  Jun-15 HoleA 71° 08.379 N 
24° 13.936 E 
71° 08.273 N 
24° 13.478 E 
145m 
ING15_103 Wanamaker  Jun-15 HoleA 71° 08.288 N 
24° 12.037 E 
71° 08.399 N 
24° 13.346 E 
145m 
ING15_104 Wanamaker  Jun-15 HoleA 71° 08.248 N 
24° 12.657 E 
71° 08.225 N 
24° 11.612 E 
145m 
ING15_105 Wanamaker  Jun-15 HoleA 71° 08.381 N 
24° 13.483 E 
71° 08.207 N 
24° 11.770 E 
145m 
ING16_001 Wanamaker  Aug-16 HoleA/ 
DR16-1 
71° 08.114 N 
24° 11.325 E 
dredged E 130m 
ING16_002 Wanamaker  Aug-16 HoleA/ 
WP 135 
71° 07.838 N 
24° 12.725 E 
dredged ESE 110m 
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Figure D-1 Sediment grain size and deep water sampling locations at Ingøya, Norway .  Grain size data were obtained from the Norwegian Geological Survey 
(https://kartkatalog.geonorge.no/metadata/norges-geologiske-undersokelse/bunnsedimenter-kornstorrelse-regionalt/) and shows grain size composition in the top 
0-50 cm of the seabed sediments.  Grain size data is based on analyzes of seabed samples, analysis and interpretation of digital reflectivity data, as well as 
interpretation of analog and digital seismic data.  Green (red) diamonds show successful (unsuccessful) attempts at collecting live A. islandica material. 
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APPENDIX E.    SHELL MATERIAL AND DATA ARCHIVING 
All physical samples collected from Ingøya, Norway from 2009 to 2017, including 
processed and unprocessed shells, shell blocks in epoxy, shell acetate peels, and water 
samples are hosted at Iowa State University’s Stable Isotope Paleoenvironments Research 
Group (SIPERG) laboratory supervised by Dr. Alan Wanamaker (at the time of this 
publication).  Questions or requests for access of this material should be addressed to Dr. 
Alan Wanamaker (adw@iastate.edu).   
Proxy data produced from this work and published in peer-reviewed journals are 
available on the NOAA Paleoclimatology database (https://www.ncdc.noaa.gov/data-
access/paleoclimatology-data) and can be found by searching for investigator “Mette.”  
Additional data and resources associated with this work and the SIPERG group at Iowa State 
University can be found at https://siperg.las.iastate.edu/.  Questions regarding datasets should 
be addressed to Madelyn Mette (mjmette1@gmail.com) and Dr. Alan Wanamaker 
(adw@iastate.edu).  Peer-reviewed publications are available upon request. 
 
Figure 2 Arctica islandica shell terminology for reference in Tables E-1 and E-2.  Blocks A and B are 
produced by cutting out a section of shell along the maximum growth axis, embedding the section in epoxy, and 
bisecting the epoxy block. 
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Table 2 Archived live collected shell material from Ingøya.  Collectors are abbreviated to researchers’ initials (WA=William Ambrose, MR=Michael Retelle, 
MC=Michael Carroll, MM=Madelyn Mette, AW=Alan Wanamaker, YL=Yi-Wei Liu, IB=Irene Ballesta-Artero, RW=Rob Witbaard).  Depths are recorded in 
meters or fathoms (fath).  See Figure E1 for references to measurement dimensions.  Shell processing information as of October, 2017 is noted in the last column 
(B=blocked in epoxy, P=acetate peel, and M=milled for isotopic analysis for the A block or B block where specified). 
Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING09-03 WA, MR, MC 2009 10m L 87.68 70.86 79.30 49.1 Y/A/B 
ING09-04 WA, MR, MC 2009 10m L 67.95 57.62 59.09 19.2 Y/A/- 
ING09-06 WA, MR, MC 2009 10m R NA NA NA NA Y/B/- 
ING09-07 WA, MR, MC 2009 10m L 69.89 56.98 61.85 18.8 Y/A/- 
ING09-09 WA, MR, MC 2009 10m L 70.44 39.11 55.34 16.1 Y/B/- 
ING09-14 WA, MR, MC 2009 10m L 45.95 46.71 26.13 8.9 Y/B/- 
ING09-15 WA, MR, MC 2009 10m L 60.31 49.77 35.19 11.7 Y/B/- 
ING09-16 WA, MR, MC 2009 10m L NA NA NA NA Y/B/- 
ING09-17 WA, MR, MC 2009 10m L 48.05 47.62 29.55 13.3 Y/B/- 
ING09-18 WA, MR, MC 2009 10m L 68.19 57.44 62.88 19.0 Y/A/- 
ING09-19 WA, MR, MC 2009 10m L 69.73 36.32 40.55 16.0 Y/B/- 
ING09-20 WA, MR, MC 2009 10m L 79.56 68.98 75.34 47.6 Y/AB/B 
ING09-21 WA, MR, MC 2009 10m R 85.01 70.84 81.00 72.9 Y/A/- 
ING09-24 WA, MR, MC 2009 10m L NA NA NA NA Y/B/- 
ING09-27 WA, MR, MC 2009 10m L 69.47 57.49 62.60 18.4 Y/A/- 
ING09-28 WA, MR, MC 2009 10m L 67.90 56.35 60.01 20.8 Y/A/- 
ING09-29 WA, MR, MC 2009 10m L 78.34 61.48 69.61 22.5 Y/B/- 
ING09-30 WA, MR, MC 2009 10m L 50.13 61.61 40.15 15.0 Y/B/- 
ING09-31 WA, MR, MC 2009 10m L NA NA NA NA Y/A/- 
ING09-32 WA, MR, MC 2009 10m L 69.29 57.18 62.34 19.8 Y/B/- 
ING09-33 WA, MR, MC 2009 10m L 62.45 48.25 56.03 10.9 Y/A/- 
ING09-34 WA, MR, MC 2009 10m L 49.85 41.39 43.28 8.0 Y/A/- 
ING09-35 WA, MR, MC 2009 10m L 35.28 42.28 34.22 9.7 Y/A/- 
ING09-36 WA, MR, MC 2009 10m L 86.48 65.02 77.16 64.9 Y/AB/Y 
ING09-38 WA, MR, MC 2009 10m L 61.56 44.61 65.53 22.8 Y/AB/- 
ING09-39 WA, MR, MC 2009 10m R NA NA NA NA Y/A/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING09-40 WA, MR, MC 2009 10m L NA NA NA NA Y/A/- 
ING09-41 WA, MR, MC 2009 10m L 66.00 51.34 56.45 16.8 Y/A/- 
ING09-42 WA, MR, MC 2009 10m L NA NA NA NA Y/A/- 
ING09-44 WA, MR, MC 2009 10m L 48.29 42.00 37.30 10.8 Y/A/- 
ING09-45 WA, MR, MC 2009 10m L 67.77 52.69 56.05 18.0 Y/B/A 
ING09-46 WA, MR, MC 2009 10m L 65.41 31.65 42.91 14.4 Y/B/A 
ING09-48 WA, MR, MC 2009 10m L 51.87 47.12 40.79 13.8 Y/A/B 
ING09-49 WA, MR, MC 2009 10m L 63.30 38.64 47.97 10.0 Y/A/- 
ING09-50 WA, MR, MC 2009 10m L NA NA NA NA Y/AB/- 
ING09-51 WA, MR, MC 2009 10m L 59.74 35.75 44.21 11.0 Y/A/- 
ING09-53 WA, MR, MC 2009 10m L 86.94 63.01 77.80 39.6 Y/B/- 
ING09-54 WA, MR, MC 2009 10m L 74.49 57.54 66.39 34.1 Y/AB/- 
ING09-55 WA, MR, MC 2009 10m L NA NA NA NA Y/B/- 
ING09-57 WA, MR, MC 2009 10m L 71.35 57.92 67.04 20.4 Y/A/- 
ING09-58 WA, MR, MC 2009 10m R 66.81 57.97 62.89 18.1 Y/B/A 
ING09-59 WA, MR, MC 2009 10m L NA NA NA NA Y/B/- 
ING09-61 WA, MR, MC 2009 10m L 65.15 52.02 57.46 15.2 Y/B/- 
ING09-62 WA, MR, MC 2009 10m L 67.39 51.51 59.15 15.9 Y/B/- 
ING09-64 WA, MR, MC 2009 10m L NA NA NA NA Y/A/- 
ING09-65 WA, MR, MC 2009 10m L 68.58 54.00 60.03 16.7 Y/A/- 
ING09-66 WA, MR, MC 2009 10m L 65.01 24.79 34.74 11.0 Y/A/- 
ING09-67 WA, MR, MC 2009 10m L NA NA NA NA Y/B/- 
ING09-68 WA, MR, MC 2009 10m L 64.37 38.07 44.39 11.0 Y/A/- 
ING09-69 WA, MR, MC 2009 10m R NA NA NA NA Y/N/- 
ING09-70 WA, MR, MC 2009 10m R 75.13 62.72 65.66 23.4 Y/B/- 
ING09-71 WA, MR, MC 2009 10m L 77.93 61.19 70.25 23.6 Y/A/- 
ING09-72 WA, MR, MC 2009 10m L 74.87 64.66 70.14 22.2 Y/A/B 
ING09-73 WA, MR, MC 2009 10m L 73.10 58.37 67.71 38.8 Y/B/- 
ING09-74 WA, MR, MC 2009 10m L 87.67 71.94 83.03 67.7 LR/LRAB/LB 
ING09-75 WA, MR, MC 2009 10m L 88.10 68.46 78.05 41.1 Y/A/B 
ING09-76 WA, MR, MC 2009 10m L 84.50 65.17 80.11 70.3 Y/A/B 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING09-77 WA, MR, MC 2009 10m L 74.21 27.52 53.52 14.9 Y/A/- 
ING09-78 WA, MR, MC 2009 10m L 67.63 53.70 60.92 18.3 Y/B/- 
ING09-81 WA, MR, MC 2009 10m L 68.76 55.32 62.52 20.9 Y/A/B 
ING09-82 WA, MR, MC 2009 10m L 38.74 31.70 36.52 4.4 Y/B/AB 
ING09-1 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-2 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-5 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-8 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-10 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-11 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-12 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-22 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-25 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-47 WA, MR, MC 2009 10m R NA NA NA NA -/-/- 
ING09-56 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-62 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-63 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-74 WA, MR, MC 2009 10m L NA NA NA NA -/-/- 
ING09-83 WA, MR, MC 2009 10m Art NA NA NA NA -/-/- 
ING13_001 MM, AW, YL, MC 2013 6m L 47.80 36.00 40.00 7.0 -/-/- 
ING13_002 MM, AW, YL, MC 2013 6m L 48.00 37.90 41.20 7.8 -/-/- 
ING13_003 MM, AW, YL, MC 2013 6m L 58.10 47.20 52.00 13.8 -/-/- 
ING13_004 MM, AW, YL, MC 2013 6m L 48.60 38.20 42.20 7.3 -/-/- 
ING13_005 MM, AW, YL, MC 2013 6m L 42.60 35.70 38.00 5.1 -/-/- 
ING13_006 MM, AW, YL, MC 2013 6m L 44.30 35.30 37.80 4.8 -/-/- 
ING13_007 MM, AW, YL, MC 2013 6m L 45.10 35.60 39.60 5.6 -/-/- 
ING13_008 MM, AW, YL, MC 2013 6m L 51.30 42.00 45.20 6.4 -/-/- 
ING13_009 MM, AW, YL, MC 2013 6m L 52.10 43.20 47.00 7.3 -/-/- 
ING13_010 MM, AW, YL, MC 2013 6m L 55.50 43.40 48.60 10.2 -/-/- 
ING13_011 MM, AW, YL, MC 2013 6m L N/A 25.00 26.70 N/A -/-/- 
ING13_012 MM, AW, YL, MC 2013 6m L 34.80 27.20 30.40 3.2 -/-/- 
 
 
 
204 
Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_013 MM, AW, YL, MC 2013 6m L 54.50 44.30 49.00 9.6 -/-/- 
ING13_014 MM, AW, YL, MC 2013 6m L 53.80 41.40 46.50 9.2 -/-/- 
ING13_015 MM, AW, YL, MC 2013 6m L 53.60 40.90 46.90 8.7 -/-/- 
ING13_016 MM, AW, YL, MC 2013 6m L 49.40 38.60 42.60 6.0 -/-/- 
ING13_017 MM, AW, YL, MC 2013 6m L N/A 38.70 N/A N/A Y/N/AB 
ING13_018 MM, AW, YL, MC 2013 6m L 59.50 44.50 51.80 11.0 -/-/- 
ING13_019 MM, AW, YL, MC 2013 6m L 52.60 40.70 46.20 9.1 -/-/- 
ING13_020 MM, AW, YL, MC 2013 6m L 57.00 43.10 47.90 9.7 -/-/- 
ING13_021 MM, AW, YL, MC 2013 6m L 40.00 31.50 32.60 4.0 -/-/- 
ING13_022 MM, AW, YL, MC 2013 6m L 46.60 36.80 40.90 7.2 -/-/- 
ING13_023 MM, AW, YL, MC 2013 6m L 56.00 44.70 49.80 9.2 -/-/- 
ING13_024 MM, AW, YL, MC 2013 6m L 49.70 38.90 43.60 7.0 -/-/- 
ING13_025 MM, AW, YL, MC 2013 6m L 52.90 41.90 46.90 10.0 -/-/- 
ING13_026 MM, AW, YL, MC 2013 6m L N/A 43.50 N/A N/A -/-/- 
ING13_027 MM, AW, YL, MC 2013 6m L 51.60 42.50 46.30 7.6 -/-/- 
ING13_028 MM, AW, YL, MC 2013 6m L 47.30 37.40 41.30 5.6 -/-/- 
ING13_029 MM, AW, YL, MC 2013 6m L 53.70 40.80 46.20 7.1 -/-/- 
ING13_030 MM, AW, YL, MC 2013 6m L 42.80 35.00 39.20 4.1 -/-/- 
ING13_031 MM, AW, YL, MC 2013 6m L N/A N/A N/A N/A -/-/- 
ING13_032 MM, AW, YL, MC 2013 6m L 47.80 36.90 41.60 6.7 -/-/- 
ING13_033 MM, AW, YL, MC 2013 6m L 38.60 30.70 34.60 4.6 -/-/- 
ING13_034 MM, AW, YL, MC 2013 6m L 54.80 44.40 48.00 10.7 -/-/- 
ING13_035 MM, AW, YL, MC 2013 6m L N/A N/A N/A N/A -/-/- 
ING13_036 MM, AW, YL, MC 2013 6m L 45.80 43.30 39.80 6.4 -/-/- 
ING13_037 MM, AW, YL, MC 2013 6m L 46.50 36.20 40.70 5.9 -/-/- 
ING13_038 MM, AW, YL, MC 2013 6m L 34.30 26.20 28.70 3.1 -/-/- 
ING13_039 MM, AW, YL, MC 2013 6m L 48.50 38.90 43.50 6.2 -/-/- 
ING13_040 MM, AW, YL, MC 2013 6m L 69.80 58.80 64.70 18.8 -/-/- 
ING13_041 MM, AW, YL, MC 2013 6m L 72.80 61.20 67.20 21.8 -/-/- 
ING13_042 MM, AW, YL, MC 2013 6m L 68.60 56.70 62.30 17.6 -/-/- 
ING13_043 MM, AW, YL, MC 2013 6m L 77.20 65.50 67.70 26.3 Y/A/- 
 
 
 
205 
Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_044 MM, AW, YL, MC 2013 6m L 70.40 54.30 61.60 17.2 -/-/- 
ING13_045 MM, AW, YL, MC 2013 6m L 66.60 52.80 60.40 15.1 -/-/- 
ING13_046 MM, AW, YL, MC 2013 6m L 53.40 43.40 48.20 7.1 -/-/- 
ING13_047 MM, AW, YL, MC 2013 6m L 80.80 65.80 71.70 27.1 Y/A/- 
ING13_048 MM, AW, YL, MC 2013 6m L 74.20 59.30 67.40 18.0 -/-/- 
ING13_049 MM, AW, YL, MC 2013 6m L N/A N/A N/A N/A -/-/- 
ING13_050 MM, AW, YL, MC 2013 6m L 73.30 58.90 66.40 19.6 -/-/- 
ING13_051 MM, AW, YL, MC 2013 6m L 71.10 58.00 65.20 17.2 -/-/- 
ING13_052 MM, AW, YL, MC 2013 6m L 78.20 62.40 68.10 24.4 -/-/- 
ING13_053 MM, AW, YL, MC 2013 6m L 70.60 55.50 61.90 18.5 -/-/- 
ING13_054 MM, AW, YL, MC 2013 6m L 77.80 60.00 67.00 21.4 -/-/- 
ING13_055 MM, AW, YL, MC 2013 6m L 61.10 50.00 55.40 12.4 -/-/- 
ING13_056 MM, AW, YL, MC 2013 6m L 64.70 51.30 57.40 15.0 -/-/- 
ING13_057 MM, AW, YL, MC 2013 6m L 75.00 58.90 65.30 19.7 -/-/- 
ING13_058 MM, AW, YL, MC 2013 6m -/-/- 
ING13_059 MM, AW, YL, MC 2013 6m L 64.50 48.40 54.90 12.0 -/-/- 
ING13_060 MM, AW, YL, MC 2013 6m L 73.20 58.90 65.60 18.2 -/-/- 
ING13_061 MM, AW, YL, MC 2013 6m L 69.70 57.20 62.50 17.0 -/-/- 
ING13_062 MM, AW, YL, MC 2013 6m L 84.40 67.30 72.10 29.0 Y/N/- 
ING13_063 MM, AW, YL, MC 2013 6m L 70.50 56.50 63.80 17.1 -/-/- 
ING13_064 MM, AW, YL, MC 2013 6m L 67.30 53.90 60.00 14.6 -/-/- 
ING13_065 MM, AW, YL, MC 2013 6m L 76.60 62.90 69.30 25.4 -/-/- 
ING13_066 MM, AW, YL, MC 2013 6m L 71.90 59.00 65.40 17.9 -/-/- 
ING13_067 MM, AW, YL, MC 2013 6m L 73.50 58.30 64.30 20.7 -/-/- 
ING13_068 MM, AW, YL, MC 2013 6m L 71.00 54.40 61.60 18.0 -/-/- 
ING13_069 MM, AW, YL, MC 2013 6m L 77.80 63.90 68.80 24.5 -/-/- 
ING13_070 MM, AW, YL, MC 2013 6m L N/A 61.80 N/A N/A -/-/- 
ING13_071 MM, AW, YL, MC 2013 6m L 67.20 54.40 59.60 16.8 -/-/- 
ING13_072 MM, AW, YL, MC 2013 6m L 75.60 59.40 69.00 23.1 -/-/- 
ING13_073 MM, AW, YL, MC 2013 6m L 72.80 59.10 65.40 19.8 -/-/- 
ING13_074 MM, AW, YL, MC 2013 6m L 65.00 52.10 58.80 16.1 -/-/- 
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Shell ID Collector 
Collection 
date 
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(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_075 MM, AW, YL, MC 2013 6m R 79.82 64.09 71.40 24.9 -/-/- 
ING13_076 MM, AW, YL, MC 2013 6m L 80.20 62.80 71.70 25.5 -/-/- 
ING13_077 MM, AW, YL, MC 2013 6m L 73.00 58.20 64.20 21.4 -/-/- 
ING13_078 MM, AW, YL, MC 2013 6m L 67.60 52.70 60.00 17.9 -/-/- 
ING13_079 MM, AW, YL, MC 2013 6m L 60.40 47.50 52.60 11.1 -/-/- 
ING13_080 MM, AW, YL, MC 2013 6m L 51.00 39.90 43.70 9.8 -/-/- 
ING13_081 MM, AW, YL, MC 2013 6m L 63.40 51.50 56.70 12.7 -/-/- 
ING13_082 MM, AW, YL, MC 2013 6m L 68.20 56.10 61.50 17.8 -/-/- 
ING13_083 MM, AW, YL, MC 2013 6m L 71.70 55.90 61.60 19.2 -/-/- 
ING13_084 MM, AW, YL, MC 2013 6m L 74.00 59.70 66.00 19.3 -/-/- 
ING13_085 MM, AW, YL, MC 2013 6m L 73.30 55.00 64.90 17.1 -/-/- 
ING13_086 MM, AW, YL, MC 2013 6m L 69.40 56.00 61.00 17.5 -/-/- 
ING13_087 MM, AW, YL, MC 2013 6m L 74.40 60.20 68.90 26.0 -/-/- 
ING13_088 MM, AW, YL, MC 2013 6m L 57.30 45.40 50.90 12.2 -/-/- 
ING13_089 MM, AW, YL, MC 2013 6m L 67.80 55.40 60.80 15.8 -/-/- 
ING13_090 MM, AW, YL, MC 2013 6m L 77.50 62.80 68.80 23.0 -/-/- 
ING13_091 MM, AW, YL, MC 2013 6m L 77.90 63.10 70.60 25.3 Y/A/- 
ING13_092 MM, AW, YL, MC 2013 6m L N/A N/A N/A N/A -/-/- 
ING13_093 MM, AW, YL, MC 2013 6m L 76.40 64.90 69.50 27.0 -/-/- 
ING13_094 MM, AW, YL, MC 2013 6m L 71.00 53.90 60.90 17.8 -/-/- 
ING13_095 MM, AW, YL, MC 2013 6m L 71.80 58.90 63.20 19.4 -/-/- 
ING13_096 MM, AW, YL, MC 2013 6m L 73.00 58.00 64.40 18.1 -/-/- 
ING13_097 MM, AW, YL, MC 2013 6m L 55.40 42.80 47.80 11.0 -/-/- 
ING13_098 MM, AW, YL, MC 2013 6m L 75.90 60.70 67.70 21.6 -/-/- 
ING13_099 MM, AW, YL, MC 2013 6m L 72.50 57.00 63.30 16.4 -/-/- 
ING13_100 MM, AW, YL, MC 2013 6m L 69.00 57.50 62.00 17.5 -/-/- 
ING13_101 MM, AW, YL, MC 2013 6m L 69.60 54.90 61.60 17.5 -/-/- 
ING13_102 MM, AW, YL, MC 2013 6m R N/A N/A N/A N/A -/-/- 
ING13_103 MM, AW, YL, MC 2013 6m R 79.91 65.97 70.89 24.2 Y/N/- 
ING13_104 MM, AW, YL, MC 2013 6m R 66.13 55.82 59.29 13.9 -/-/- 
ING13_105 MM, AW, YL, MC 2013 6m L 53.00 41.60 46.80 7.9 Y/A/- 
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Shell ID Collector 
Collection 
date 
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Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_106 MM, AW, YL, MC 2013 6m R 49.01 42.29 45.81 6.1 Y/N/- 
ING13_107 MM, AW, YL, MC 2013 6m R 73.26 60.84 67.12 21.9 -/-/- 
ING13_108 MM, AW, YL, MC 2013 6m R 74.21 64.35 70.76 22.1 -/-/- 
ING13_109 MM, AW, YL, MC 2013 6m L 74.80 60.10 66.00 18.7 -/-/- 
ING13_110 MM, AW, YL, MC 2013 6m L 44.50 38.40 40.50 4.8 -/-/- 
ING13_111 MM, AW, YL, MC 2013 6m L 56.20 45.20 49.90 9.6 -/-/- 
ING13_112 MM, AW, YL, MC 2013 6m L 59.30 48.80 52.09 12.5 -/-/- 
ING13_113 MM, AW, YL, MC 2013 6m L 75.90 61.80 68.60 23.6 -/-/- 
ING13_114 MM, AW, YL, MC 2013 6m L 77.90 60.70 69.40 25.8 -/-/- 
ING13_115 MM, AW, YL, MC 2013 6m Art 65.58 56.29 60.95 15.0 -/-/- 
ING13_116 MM, AW, YL, MC 2013 6m Art 78.93 62.94 67.70 28.8 -/-/- 
ING13_117 MM, AW, YL, MC 2013 6m Art 68.24 55.75 59.94 18.0 -/-/- 
ING13_118 MM, AW, YL, MC 2013 6m Art 68.05 56.88 59.47 18.3 -/-/- 
ING13_119 MM, AW, YL, MC 2013 6m Art 73.13 62.37 67.09 18.8 -/-/- 
ING13_120 MM, AW, YL, MC 2013 6m Art 78.00 65.43 72.70 25.6 -/-/- 
ING13_121 MM, AW, YL, MC 2013 6m Art 72.27 59.01 64.62 19.4 -/-/- 
ING13_122 MM, AW, YL, MC 2013 6m Art 74.07 61.16 65.60 20.5 -/-/- 
ING13_123 MM, AW, YL, MC 2013 6m Art 71.27 59.68 66.41 20.4 -/-/- 
ING13_124 MM, AW, YL, MC 2013 6m Art 74.78 60.31 66.35 21.9 -/-/- 
ING13_125 MM, AW, YL, MC 2013 6m Art 69.53 61.75 63.78 20.0 -/-/- 
ING13_126 MM, AW, YL, MC 2013 6m Art 71.49 61.11 66.15 17.0 -/-/- 
ING13_127 MM, AW, YL, MC 2013 6m Art 68.18 57.70 62.03 16.3 -/-/- 
ING13_128 MM, AW, YL, MC 2013 6m ? ? ? ? ? Y/A/- 
ING13_129 MM, AW, YL, MC 2013 6m Art 72.31 60.14 63.90 18.7 -/-/- 
ING13_130 MM, AW, YL, MC 2013 6m ? ? ? ? ? Y/B/- 
ING13_131 MM, AW, YL, MC 2013 6m Art 71.27 60.02 65.91 18.8 -/-/- 
ING13_132 MM, AW, YL, MC 2013 6m Art 73.88 59.69 64.10 21.0 -/-/- 
ING13_133 MM, AW, YL, MC 2013 6m Art 68.88 55.64 59.64 17.4 -/-/- 
ING13_134 MM, AW, YL, MC 2013 6m Art 69.59 57.16 60.61 15.9 -/-/- 
ING13_135 MM, AW, YL, MC 2013 6m Art 70.46 58.21 64.26 20.8 -/-/- 
ING13_136 MM, AW, YL, MC 2013 6m Art 73.31 61.12 68.22 22.2 -/-/- 
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Single valve  
mass (g) B/P/M 
ING13_137 MM, AW, YL, MC 2013 6m Art 65.92 55.54 58.27 15.4 -/-/- 
ING13_138 MM, AW, YL, MC 2013 6m Art 74.42 60.71 64.45 23.3 -/-/- 
ING13_139 MM, AW, YL, MC 2013 6m Art 70.74 58.78 61.59 17.0 -/-/- 
ING13_140 MM, AW, YL, MC 2013 6m Art 81.06 67.40 71.17 28.0 -/-/- 
ING13_141 MM, AW, YL, MC 2013 6m Art 78.66 62.07 71.97 26.4 -/-/- 
ING13_142 MM, AW, YL, MC 2013 6m Art 67.79 55.88 61.06 15.5 -/-/- 
ING13_143 MM, AW, YL, MC 2013 6m Art 69.91 57.53 61.63 15.6 -/-/- 
ING13_144 MM, AW, YL, MC 2013 6m Art 77.31 64.47 69.29 25.6 -/-/- 
ING13_145 MM, AW, YL, MC 2013 6m Art 78.12 60.85 68.23 22.8 -/-/- 
ING13_146 MM, AW, YL, MC 2013 6m Art 68.52 53.46 60.64 14.7 -/-/- 
ING13_147 MM, AW, YL, MC 2013 6m Art 74.20 59.29 61.95 20.1 -/-/- 
ING13_148 MM, AW, YL, MC 2013 6m Art 74.73 64.82 67.07 27.3 -/-/- 
ING13_149 MM, AW, YL, MC 2013 6m L 63.20 50.90 57.30 12.4 Y/A/- 
ING13_150 MM, AW, YL, MC 2013 6m Art 82.92 67.12 73.28 24.5 -/-/- 
ING13_151 MM, AW, YL, MC 2013 6m R 71.17 59.46 63.33 16.4 -/-/- 
ING13_152 MM, AW, YL, MC 2013 6m L 76.06 n/a 66.82 28.8 -/-/- 
ING13_153 MM, AW, YL, MC 2013 6m Art 75.51 63.61 70.56 24.6 -/-/- 
ING13_154 MM, AW, YL, MC 2013 6m Art 74.50 61.02 67.32 21.6 -/-/- 
ING13_155 MM, AW, YL, MC 2013 6m Art 71.11 56.74 61.14 19.5 -/-/- 
ING13_156 MM, AW, YL, MC 2013 6m Art 66.65 55.53 59.35 18.6 -/-/- 
ING13_157 MM, AW, YL, MC 2013 6m Art 65.70 50.81 54.95 12.7 -/-/- 
ING13_158 MM, AW, YL, MC 2013 6m L 69.72 56.57 64.10 21.0 -/-/- 
ING13_159 MM, AW, YL, MC 2013 6m R 79.06 65.02 71.30 26.2 -/-/- 
ING13_160 MM, AW, YL, MC 2013 6m L 79.18 62.72 69.30 24.3 -/-/- 
ING13_161 MM, AW, YL, MC 2013 6m R 73.17 60.97 67.50 19.5 -/-/- 
ING13_162 MM, AW, YL, MC 2013 6m R 77.89 62.62 68.80 25.5 -/-/- 
ING13_163 MM, AW, YL, MC 2013 6m Art 76.31 62.10 68.28 23.2 -/-/- 
ING13_164 MM, AW, YL, MC 2013 6m Art 69.28 59.77 62.07 16.3 -/-/- 
ING13_165 MM, AW, YL, MC 2013 6m Art 70.95 57.08 62.25 22.0 Y/A/- 
ING13_166 MM, AW, YL, MC 2013 6m Art 73.31 59.88 65.59 21.6 -/-/- 
ING13_167 MM, AW, YL, MC 2013 6m L 73.43 59.86 64.25 20.0 -/-/- 
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Single valve  
mass (g) B/P/M 
ING13_168 MM, AW, YL, MC 2013 6m Art 68.70 59.04 63.08 16.6 -/-/- 
ING13_169 MM, AW, YL, MC 2013 6m Art 77.94 66.77 70.22 26.3 -/-/- 
ING13_170 MM, AW, YL, MC 2013 6m Art 76.28 63.63 68.38 24.8 -/-/- 
ING13_171 MM, AW, YL, MC 2013 6m Art 73.61 57.89 63.79 17.8 -/-/- 
ING13_172 MM, AW, YL, MC 2013 6m Art 68.65 58.62 63.55 17.6 -/-/- 
ING13_173 MM, AW, YL, MC 2013 6m Art 69.34 57.99 63.11 18.2 -/-/- 
ING13_174 MM, AW, YL, MC 2013 6m Art 65.59 50.30 54.42 12.8 -/-/- 
ING13_175 MM, AW, YL, MC 2013 6m L 80.20 65.40 71.30 31.8 Y/B/- 
ING13_176 MM, AW, YL, MC 2013 6m L 89.00 66.60 73.30 27.1 Y/B/- 
ING13_177 MM, AW, YL, MC 2013 6m Art 83.00 67.71 73.89 30.0 -/-/- 
ING13_178 MM, AW, YL, MC 2013 6m Y/A/- 
ING13_179 MM, AW, YL, MC 2013 6m Art 62.36 50.08 55.44 11.7 -/-/- 
ING13_180 MM, AW, YL, MC 2013 6m Art 66.32 55.42 58.51 14.4 -/-/- 
ING13_181 MM, AW, YL, MC 2013 6m Art 78.07 66.14 70.72 24.7 -/-/- 
ING13_182 MM, AW, YL, MC 2013 6m Art 63.34 53.20 56.19 11.5 -/-/- 
ING13_183 MM, AW, YL, MC 2013 6m Art 74.48 62.39 64.88 19.0 -/-/- 
ING13_184 MM, AW, YL, MC 2013 6m L 71.70 57.60 66.60 20.0 -/-/- 
ING13_185 MM, AW, YL, MC 2013 6m L 72.60 57.60 62.70 19.4 -/-/- 
ING13_186 MM, AW, YL, MC 2013 6m L 86.30 69.20 75.70 31.6 Y/B/- 
ING13_187 MM, AW, YL, MC 2013 6m L 71.40 57.50 64.10 18.7 -/-/- 
ING13_188 MM, AW, YL, MC 2013 6m L 74.00 60.10 66.00 23.8 -/-/- 
ING13_189 MM, AW, YL, MC 2013 6m L 74.30 61.50 65.80 22.3 -/-/- 
ING13_190 MM, AW, YL, MC 2013 6m L 75.40 61.20 67.90 22.9 -/-/- 
ING13_191 MM, AW, YL, MC 2013 6m L 71.60 57.20 62.50 17.8 -/-/- 
ING13_192 MM, AW, YL, MC 2013 6m L 82.10 69.00 73.50 28.9 Y/A/- 
ING13_193 MM, AW, YL, MC 2013 6m L 85.30 69.80 76.20 28.4 Y/B/- 
ING13_194 MM, AW, YL, MC 2013 6m L N/A 66.60 71.40 23.2 -/-/- 
ING13_195 MM, AW, YL, MC 2013 6m L 75.70 64.90 67.30 20.4 -/-/- 
ING13_196 MM, AW, YL, MC 2013 6m L 70.00 56.10 62.30 19.0 -/-/- 
ING13_197 MM, AW, YL, MC 2013 6m L 69.00 54.20 61.90 16.6 -/-/- 
ING13_198 MM, AW, YL, MC 2013 6m L 55.80 41.70 49.90 11.1 -/-/- 
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Single valve  
mass (g) B/P/M 
ING13_199 MM, AW, YL, MC 2013 6m L 52.80 41.80 47.00 7.4 -/-/- 
ING13_200 MM, AW, YL, MC 2013 6m L 47.80 38.50 41.60 6.7 -/-/- 
ING13_201 MM, AW, YL, MC 2013 6m L 55.00 44.30 48.50 9.5 -/-/- 
ING13_202 MM, AW, YL, MC 2013 6m L 73.30 58.90 66.30 20.7 -/-/- 
ING13_203 MM, AW, YL, MC 2013 6m L 72.20 58.50 64.00 21.5 -/-/- 
ING13_204 MM, AW, YL, MC 2013 6m L 73.80 59.60 66.80 22.5 -/-/- 
ING13_205 MM, AW, YL, MC 2013 6m L 54.40 42.50 46.90 8.8 -/-/- 
ING13_206 MM, AW, YL, MC 2013 6m R 59.59 48.41 52.76 11.3 -/-/- 
ING13_207 MM, AW, YL, MC 2013 6m L 68.90 54.00 1.40 17.6 -/-/- 
ING13_208 MM, AW, YL, MC 2013 6m L 74.70 58.70 65.40 19.7 -/-/- 
ING13_209 MM, AW, YL, MC 2013 6m L 70.20 57.60 61.80 16.9 -/-/- 
ING13_210 MM, AW, YL, MC 2013 6m R 78.52 65.78 71.25 26.4 -/-/- 
ING13_211 MM, AW, YL, MC 2013 6m R 84.70 66.30 71.50 36.6 Y/A/B 
ING13_212 MM, AW, YL, MC 2013 6m L 72.90 56.30 63.20 20.1 -/-/- 
ING13_213 MM, AW, YL, MC 2013 6m L 59.70 55.50 63.00 16.2 -/-/- 
ING13_214 MM, AW, YL, MC 2013 6m L 73.40 60.40 64.30 20.6 -/-/- 
ING13_215 MM, AW, YL, MC 2013 6m L 79.30 61.40 68.10 25.1 -/-/- 
ING13_216 MM, AW, YL, MC 2013 6m L 77.00 61.20 68.20 27.6 -/-/- 
ING13_217 MM, AW, YL, MC 2013 6m L 80.70 66.60 71.20 29.4 Y/B/- 
ING13_218 MM, AW, YL, MC 2013 6m L 66.40 57.10 58.70 13.4 Y/B/- 
ING13_219 MM, AW, YL, MC 2013 6m L 59.20 54.80 62.10 15.6 -/-/- 
ING13_220 MM, AW, YL, MC 2013 6m L 71.80 59.50 62.50 18.5 -/-/- 
ING13_221 MM, AW, YL, MC 2013 6m L 72.30 60.60 64.10 19.8 -/-/- 
ING13_222 MM, AW, YL, MC 2013 6m L 74.30 63.70 66.70 23.5 -/-/- 
ING13_223 MM, AW, YL, MC 2013 6m L 70.20 57.40 64.10 19.4 -/-/- 
ING13_224 MM, AW, YL, MC 2013 6m L 68.10 55.10 61.40 17.8 -/-/- 
ING13_225 MM, AW, YL, MC 2013 6m Art 69.25 61.06 65.51 20.9 -/-/- 
ING13_226 MM, AW, YL, MC 2013 6m Art 67.56 58.47 62.88 16.8 -/-/- 
ING13_227 MM, AW, YL, MC 2013 6m Art 78.51 61.74 67.95 24.2 -/-/- 
ING13_228 MM, AW, YL, MC 2013 6m Y/A/- 
ING13_229 MM, AW, YL, MC 2013 6m Art 75.17 63.14 67.02 24.8 -/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_230 MM, AW, YL, MC 2013 6m Art 66.18 56.28 58.77 14.6 -/-/- 
ING13_231 MM, AW, YL, MC 2013 6m Art 74.19 60.50 66.91 18.6 -/-/- 
ING13_232 MM, AW, YL, MC 2013 6m Art 74.88 59.84 64.99 24.5 -/-/- 
ING13_233 MM, AW, YL, MC 2013 6m Art 73.42 62.35 67.98 22.6 -/-/- 
ING13_234 MM, AW, YL, MC 2013 6m Art 68.26 54.13 59.50 17.3 -/-/- 
ING13_235 MM, AW, YL, MC 2013 6m Art 72.86 58.99 62.91 20.3 -/-/- 
ING13_236 MM, AW, YL, MC 2013 6m Art 72.01 60.61 65.73 20.2 -/-/- 
ING13_237 MM, AW, YL, MC 2013 6m Art 73.32 60.52 66.12 19.0 -/-/- 
ING13_238 MM, AW, YL, MC 2013 6m Art 58.58 46.77 50.14 10.8 -/-/- 
ING13_239 MM, AW, YL, MC 2013 6m L 75.60 65.70 67.35 17.8 Y/B/- 
ING13_240 MM, AW, YL, MC 2013 6m Art 77.85 65.73 67.17 21.3 -/-/- 
ING13_241 MM, AW, YL, MC 2013 6m Art 77.82 63.23 70.53 19.3 -/-/- 
ING13_242 MM, AW, YL, MC 2013 6m Art 59.52 48.93 54.23 11.2 -/-/- 
ING13_243 MM, AW, YL, MC 2013 6m Art 64.96 54.16 59.23 15.6 -/-/- 
ING13_244 MM, AW, YL, MC 2013 6m Art 69.37 59.01 64.53 18.3 -/-/- 
ING13_245 MM, AW, YL, MC 2013 6m Art 61.65 51.29 54.05 12.1 -/-/- 
ING13_246 MM, AW, YL, MC 2013 6m Art 67.19 57.05 58.50 13.3 -/-/- 
ING13_247 MM, AW, YL, MC 2013 6m L 84.50 66.50 75.00 29.2 Y/A/- 
ING13_248 MM, AW, YL, MC 2013 6m Art 70.22 58.30 62.56 17.2 -/-/- 
ING13_249 MM, AW, YL, MC 2013 6m L 78.30 66.10 70.60 26.1 Y/B/- 
ING13_250 MM, AW, YL, MC 2013 6m Art 73.83 63.58 68.20 21.8 -/-/- 
ING13_251 MM, AW, YL, MC 2013 6m Art 72.19 57.65 62.30 19.4 -/-/- 
ING13_252 MM, AW, YL, MC 2013 6m L 80.10 66.60 70.50 28.8 Y/A/- 
ING13_253 MM, AW, YL, MC 2013 6m Art 75.90 61.23 67.69 22.5 -/-/- 
ING13_254 MM, AW, YL, MC 2013 6m Art 74.39 64.24 69.10 22.5 -/-/- 
ING13_255 MM, AW, YL, MC 2013 6m Art 65.73 55.71 62.15 14.9 -/-/- 
ING13_256 MM, AW, YL, MC 2013 6m L 75.20 64.14 69.18 21.0 -/-/- 
ING13_257 MM, AW, YL, MC 2013 6m Art 63.28 53.68 59.61 14.1 Y/N/- 
ING13_258 MM, AW, YL, MC 2013 6m Art 71.83 58.70 64.68 17.9 Y/N/- 
ING13_259 MM, AW, YL, MC 2013 6m Art 70.97 55.61 62.06 17.0 Y/N/- 
ING13_260 MM, AW, YL, MC 2013 6m Art 73.79 58.17 65.65 16.7 -/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_261 MM, AW, YL, MC 2013 6m L 83.10 67.10 74.00 27.9 Y/A/B 
ING13_262 MM, AW, YL, MC 2013 6m Art 75.06 64.20 68.91 24.7 -/-/- 
ING13_263 MM, AW, YL, MC 2013 6m R 75.20 64.53 74.99 19.1 -/-/- 
ING13_264 MM, AW, YL, MC 2013 6m L 72.90 56.20 67.20 31.1 Y/A/- 
ING13_265 MM, AW, YL, MC 2013 6m L 83.50 69.40 76.90 57.3 Y/A/- 
ING13_266 MM, AW, YL, MC 2013 6m L 83.30 67.00 71.40 27.9 Y/A/- 
ING13_267 MM, AW, YL, MC 2013 6m L 81.00 63.80 73.30 41.2 Y/B/- 
ING13_268 MM, AW, YL, MC 2013 6m L 91.20 73.20 82.30 57.5 Y/B/A 
ING13_269 MM, AW, YL, MC 2013 6m L 83.30 74.70 77.00 60.7 Y/B/- 
ING13_270 MM, AW, YL, MC 2013 6m L 83.50 67.50 76.20 42.1 Y/B/A 
ING13_271 MM, AW, YL, MC 2013 6m L 85.30 67.00 79.90 46.0 Y/B/- 
ING13_272 MM, AW, YL, MC 2013 6m L 85.50 69.90 74.80 28.9 Y/A/- 
ING13_273 MM, AW, YL, MC 2013 6m L 84.00 72.50 78.60 46.9 Y/B/- 
ING13_274 MM, AW, YL, MC 2013 6m L 89.90 76.80 81.50 42.5 Y/A/- 
ING13_275 MM, AW, YL, MC 2013 6m R 80.83 69.09 75.50 32.3 -/-/- 
ING13_276 MM, AW, YL, MC 2013 6m L 84.60 70.00 77.60 38.8 Y/A/- 
ING13_277 MM, AW, YL, MC 2013 6m R 80.60 65.10 71.10 43.0 Y/B/A 
ING13_278 MM, AW, YL, MC 2013 6m R 82.30 67.60 76.60 37.6 Y/B/- 
ING13_279 MM, AW, YL, MC 2013 6m -/-/- 
ING13_280 MM, AW, YL, MC 2013 6m -/-/- 
ING13_281 MM, AW, YL, MC 2013 6m -/-/- 
ING13_282 MM, AW, YL, MC 2013 6m -/-/- 
ING13_283 MM, AW, YL, MC 2013 6m -/-/- 
ING13_284 MM, AW, YL, MC 2013 6m -/-/- 
ING13_285 MM, AW, YL, MC 2013 6m L 71.28 59.18 65.49 17.9 -/-/- 
ING13_286 MM, AW, YL, MC 2013 6m -/-/- 
ING13_287 MM, AW, YL, MC 2013 6m -/-/- 
ING13_288 MM, AW, YL, MC 2013 6m -/-/- 
ING13_289 MM, AW, YL, MC 2013 6m -/-/- 
ING13_290 MM, AW, YL, MC 2013 6m -/-/- 
ING13_291 MM, AW, YL, MC 2013 6m -/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING13_292 MM, AW, YL, MC 2013 6m -/-/- 
ING13_293 MM, AW, YL, MC 2013 6m -/-/- 
ING13_294 MM, AW, YL, MC 2013 6m -/-/- 
ING13_295 MM, AW, YL, MC 2013 6m -/-/- 
ING13_296 MM, AW, YL, MC 2013 6m -/-/- 
ING14_M_001 Thorlief Sep-14 20m 72.97 61.70 67.19 21.9 -/-/- 
ING14_M_002 Thorlief Sep-14 20m 70.81 60.40 66.55 19.9 Y/-/- 
ING14_M_003 Thorlief Sep-14 20m 72.59 58.24 64.95 21.0 -/-/- 
ING14_M_004 Thorlief Sep-14 20m 71.04 54.53 62.83 17.9 Y/-/- 
ING14_M_005 Thorlief Sep-14 20m 79.87 67.00 74.95 40.8 Y/-/- 
ING14_M_006 Thorlief Sep-14 20m 91.61 80.59 86.82 73.1 Y/A/- 
ING14_M_007 Thorlief Sep-14 20m 65.92 55.77 62.22 16.7 -/-/- 
ING14_M_008 Thorlief Sep-14 20m 75.62 58.68 65.07 23.4 Y/-/- 
ING14_M_009 Thorlief Sep-14 20m 84.00 67.48 76.10 29.7 -/-/- 
ING14_M_010 Thorlief Sep-14 20m 69.65 56.93 63.81 16.8 -/-/- 
ING14_M_011 Thorlief Sep-14 20m 76.29 61.63 67.47 23.3 -/-/- 
ING16_M_001 AW et al. Aug-16 6m 85.59 69.23 77.99 30.0 -/-/- 
ING16_M_002 AW et al. Aug-16 6m 77.97 62.78 69.48 23.7 -/-/- 
ING16_M_003 AW et al. Aug-16 6m 70.84 58.58 64.35 20.2 -/-/- 
ING16_M_004 AW et al. Aug-16 6m 43.76 33.96 37.81 4.3 -/-/- 
ING16_M_005 AW et al. Aug-16 6m 47.46 39.96 42.03 5.4 -/-/- 
ING16_M_006 AW et al. Aug-16 6m 57.64 47.55 51.01 9.8 -/-/- 
ING16_M_007 AW et al. Aug-16 6m 47.04 38.09 41.06 4.8 -/-/- 
ING16_M_008 AW et al. Aug-16 6m 94.18 75.32 86.05 36.3 -/-/- 
ING16_M_009 AW et al. Aug-16 6m 82.96 67.67 74.81 28.9 -/-/- 
ING16_M_010 AW et al. Aug-16 6m 90.27 75.51 81.49 41.6 -/-/- 
ING16_M_011 AW et al. Aug-16 6m 85.84 68.16 76.92 36.3 -/-/- 
ING16_M_012 AW et al. Aug-16 6m 85.11 70.99 78.57 34.0 -/-/- 
ING16_M_013 AW et al. Aug-16 6m 83.55 68.04 78.10 31.9 -/-/- 
ING16_M_014 AW et al. Aug-16 6m 74.17 60.23 66.50 24.9 -/-/- 
ING16_M_015 AW et al. Aug-16 6m 75.49 62.07 63.12 20.0 -/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING16_M_016 AW et al. Aug-16 6m 47.99 38.16 42.12 6.9 -/-/- 
ING16_M_017 AW et al. Aug-16 6m 42.84 32.69 35.18 4.4 -/-/- 
ING16_M_018 AW et al. Aug-16 6m 38.58 32.04 36.09 3.9 -/-/- 
ING16_M_019 AW et al. Aug-16 6m 63.22 50.44 56.03 13.8 -/-/- 
ING16_M_020 AW et al. Aug-16 6m 46.09 38.07 41.01 5.6 -/-/- 
ING16_M_021 AW et al. Aug-16 33m 54.05 43.12 48.54 7.6 -/-/- 
ING16_M_022 AW et al. Aug-16 33m 60.83 50.00 55.33 10.8 -/-/- 
ING16_M_023 AW et al. Aug-16 33m 48.83 39.05 42.97 6.9 -/-/- 
ING16_M_024 AW et al. Aug-16 33m 66.45 56.73 61.05 15.4 -/-/- 
ING16_M_025 AW et al. Aug-16 33m 58.82 49.71 52.54 10.2 -/-/- 
ING16_M_026 AW et al. Aug-16 33m 55.08 46.99 51.70 9.1 -/-/- 
ING16_M_027 AW et al. Aug-16 33m 66.31 55.31 60.98 15.7 -/-/- 
ING16_M_028 AW et al. Aug-16 33m 62.07 50.66 56.49 13.1 -/-/- 
ING16_M_029 AW et al. Aug-16 33m 67.35 57.27 60.65 16.7 -/-/- 
ING16_M_030 AW et al. Aug-16 33m 59.29 51.08 54.94 11.0 -/-/- 
ING16_M_031 AW et al. Aug-16 33m 50.41 41.76 45.64 7.1 -/-/- 
ING16_M_032 AW et al. Aug-16 33m 49.14 42.14 45.93 6.1 -/-/- 
ING16_M_033 AW et al. Aug-16 33m 67.38 56.06 61.96 16.0 -/-/- 
ING16_M_034 AW et al. Aug-16 15m 67.79 58.97 64.21 17.9 -/-/- 
ING16_M_035 AW et al. Aug-16 15m 37.16 30.80 31.71 3.4 -/-/- 
ING16_M_036 AW et al. Aug-16 15m 61.45 50.35 56.98 11.0 -/-/- 
ING16_M_037 AW et al. Aug-16 20m 65.89 52.75 58.94 14.7 -/-/- 
ING16_M_038 AW et al. Aug-16 20m 73.87 60.64 67.51 20.3 -/-/- 
ING16_M_039 AW et al. Aug-16 20m 80.43 65.66 72.11 26.4 -/-/- 
ING16_M_040 AW et al. Aug-16 20m 59.23 46.97 52.04 11.0 -/-/- 
ING16_M_041 AW et al. Aug-16 33m 64.66 55.04 59.91 16.2 -/-/- 
ING16_M_042 AW et al. Aug-16 33m 61.56 50.24 53.66 12.0 -/-/- 
ING16_M_043 AW et al. Aug-16 15m 78.22 61.17 67.13 25.3 -/-/- 
ING14_400 MM, MC, RW Feb-14 30m 88.10 70.20 81.51 59.8 Y/B/- 
ING14_401 MM, MC, RW Feb-14 6m 79.00 63.75 70.70 36.3 Y/A/- 
ING14_402 MM, MC, RW Feb-14 6m 90.40 70.10 76.87 36.6 Y/B/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING14_403 (DC) MM, MC, RW Feb-14 6m L 28.30 22.20 24.40 1.3 Y/N/- 
ING14_404 RW, IB Jul-14 6m 85.92 69.71 76.60 31.4 -/-/- 
ING14_405 RW, IB Jul-14 6m 89.39 68.97 79.54 31.3 -/-/- 
ING14_406 RW, IB Jul-14 6m 92.04 77.21 83.91 39.0 Y/-/- 
ING14_407 RW, IB Jul-14 6m 88.60 70.73 77.47 41.3 Y/-/- 
ING14_408 RW, IB Jul-14 6m 88.70 76.86 83.19 53.9 Y/-/- 
ING14_409 MM, MC, RW Feb-14 6m 77.18 67.32 72.81 41.9 -/-/- 
ING14_410 IB, RW May-14 6m 83.93 68.94 76.73 31.7 -/-/- 
ING14_411 IB, RW May-14 6m 80.82 65.84 72.03 33.4 Y/-/- 
ING14_412 IB, RW May-14 6m 67.61 57.40 61.96 17.5 -/-/- 
ING14_413 IB, RW May-14 6m 77.90 63.91 69.82 24.4 -/-/- 
ING14_414 IB, RW May-14 6m 75.65 64.39 69.39 30.5 -/-/- 
ING14_415 IB, RW May-14 6m 81.49 58.95 67.68 25.8 -/-/- 
ING14_416 IB, RW May-14 6m 81.79 63.23 69.80 34.9 Y/N/- 
ING14_417 IB, RW May-14 6m 75.16 61.59 67.14 20.9 -/-/- 
ING14_418 IB, RW May-14 6m 68.66 56.68 63.80 18.9 -/-/- 
ING14_419 IB, RW May-14 6m 71.85 53.93 61.23 18.3 -/-/- 
ING14_420 IB, RW May-14 6m 76.12 62.75 65.82 26.4 -/-/- 
ING14_421 IB, RW May-14 6m 71.66 55.70 64.24 21.3 -/-/- 
ING14_422 IB, RW May-14 6m 76.95 61.23 69.82 22.1 Y/-/- 
ING14_423 IB, RW May-14 6m 72.79 58.03 64.39 19.2 -/-/- 
ING14_424 IB, RW May-14 6m 80.99 63.24 71.77 24.5 -/-/- 
ING14_425 IB, RW May-14 6m 81.05 61.13 70.94 25.1 -/-/- 
ING14_426 IB, RW May-14 6m 68.12 58.45 63.86 20.3 -/-/- 
ING14_427 IB, RW May-14 6m 71.84 57.96 65.42 20.1 -/-/- 
ING14_428 IB, RW May-14 6m 90.09 66.65 80.05 34.9 -/-/- 
ING14_429 IB, RW May-14 6m 77.79 63.46 70.35 24.4 -/-/- 
ING14_430 IB, RW May-14 6m R 67.60 53.47 58.39 14.7 -/-/- 
ING14_431 IB, RW May-14 6m R 80.01 67.70 74.96 32.6 -/-/- 
ING14_432 IB, RW May-14 6m R 74.15 58.88 65.27 22.2 -/-/- 
ING14_433 IB, RW May-14 6m R 74.23 59.51 65.68 21.5 -/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING14_434 IB, RW May-14 6m 80.50 62.45 71.52 27.1 -/-/- 
ING14_435 IB, RW May-14 6m L 78.18 63.76 70.63 25.9 -/-/- 
ING14_436 IB, RW May-14 6m 69.29 52.89 60.84 18.2 -/-/- 
ING14_437 IB, RW May-14 6m 77.09 62.17 69.27 27.2 -/-/- 
ING14_438 IB, RW May-14 6m 76.60 61.35 67.73 23.3 -/-/- 
ING14_439 IB, RW May-14 6m 75.06 61.01 66.49 23.9 -/-/- 
ING14_440 IB, RW May-14 6m 77.42 59.48 67.74 22.3 -/-/- 
ING14_441 IB, RW May-14 6m 76.40 58.18 64.40 23.4 -/-/- 
ING14_442 IB, RW May-14 6m N/A N/A N/A N/A -/-/- 
ING14_443 IB, RW May-14 6m R 72.73 58.75 66.57 20.7 -/-/- 
ING14_444 IB, RW May-14 6m 75.38 56.93 66.73 23.4 -/-/- 
ING14_445 IB, RW May-14 6m 69.26 56.39 60.98 18.7 -/-/- 
ING14_446 IB, RW May-14 6m L 77.09 63.97 69.43 25.2 -/-/- 
ING14_450 AW et al. Aug-14 6m 87.21 74.79 80.18 44.0 Y/N/- 
ING14_451 AW et al. Aug-14 6m 83.38 69.17 73.85 27.7 Y/-/- 
ING14_452 AW et al. Aug-14 6m 59.61 48.54 52.94 10.9 -/-/- 
ING14_453 AW et al. Aug-14 6m 86.06 69.40 76.31 29.9 -/-/- 
ING14_454 AW et al. Aug-14 6m 84.57 68.35 72.84 32.0 -/-/- 
ING14_455 AW et al. Aug-14 6m 66.06 55.79 59.76 14.3 -/-/- 
ING14_500 AW et al. Aug-14 94 fath 41.65 35.09 37.18 4.3 -/-/- 
ING14_501 AW et al. Aug-14 94 fath 42.77 37.12 39.57 4.6 -/-/- 
ING15_032 AW et al. Jun-15 15m 86.85 74.09 77.49 37.0 -/-/- 
ING15_101 AW et al. May-15 170m 18.77 16.58 17.51 0.2 -/-/- 
ING15_102 AW et al. Jun-15 145m 29.47 23.32 26.18 1.1 -/-/- 
ING15_103 AW et al. Jun-15 145m 50.08 39.65 44.26 5.4 -/-/- 
ING15_104 AW et al. Jun-15 145m 48.65 41.00 43.79 5.8 -/-/- 
ING15_105 AW et al. Jun-15 145m 49.32 39.36 44.30 6.4 -/-/- 
ING15_001 AW et al. Jun-15 6m 70.45 55.44 61.71 19.7 Y/-/- 
ING15_002 AW et al. Jun-15 6m 88.70 69.52 77.71 33.0 Y/N/- 
ING15_003 AW et al. Jun-15 6m 88.80 72.42 81.62 42.5 Y/-/- 
ING15_004 AW et al. Jun-15 6m 80.72 66.30 72.23 23.5 Y/-/- 
ING15_005 AW et al. Jun-15 6m 48.84 39.99 43.49 7.0 Y/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING15_006 AW et al. Jun-15 6m 86.94 68.16 77.03 35.9 Y/N/- 
ING15_007 AW et al. Jun-15 6m 90.03 73.63 82.75 44.6 Y/N/- 
ING15_008 AW et al. Jun-15 6m 79.27 64.22 72.34 25.9 Y/N/- 
ING15_009 AW et al. Jun-15 6m 80.26 63.55 70.44 29.4 Y/N/- 
ING15_010 AW et al. Jun-15 6m 40.86 31.54 34.79 4.6 -/-/- 
ING15_011 AW et al. Jun-15 6m 68.74 52.90 59.19 16.1 Y/N/- 
ING15_012 AW et al. Jun-15 6m 52.76 39.65 45.91 8.6 Y/-/- 
ING15_013 AW et al. Jun-15 6m 87.79 71.59 79.47 37.9 Y/N/- 
ING15_014 AW et al. Jun-15 6m 76.58 60.83 67.96 18.9 Y/N/- 
ING15_015 AW et al. Jun-15 6m 48.58 38.63 42.85 7.3 Y/N/- 
ING15_016 AW et al. Jun-15 6m 82.33 66.33 71.92 40.9 Y/N/- 
ING15_017 AW et al. Jun-15 6m 87.30 69.01 78.43 34.7 -/-/- 
ING15_018 AW et al. Jun-15 6m 77.49 62.61 67.75 26.2 Y/-/- 
ING15_019 AW et al. Jun-15 6m R 77.60 60.29 67.52 25.3 -/-/- 
ING15_020 AW et al. Jun-15 6m 90.56 74.39 82.19 41.2 Y/N/- 
ING15_021 AW et al. Jun-15 6m 80.89 67.48 73.14 34.4 Y/N/- 
ING15_022 AW et al. Jun-15 6m 79.84 63.61 72.62 27.2 Y/-/- 
ING15_023 AW et al. Jun-15 6m R 83.76 64.88 74.94 25.5 -/-/- 
ING15_024 AW et al. Jun-15 6m 51.66 41.16 45.46 6.6 Y/-/- 
ING15_025 AW et al. Jun-15 6m 45.09 34.58 38.93 6.1 -/-/- 
ING15_026 AW et al. Jun-15 6m 84.45 71.96 76.28 34.0 Y/N/- 
ING15_027 AW et al. Jun-15 6m 89.51 69.34 75.24 37.8 Y/N/- 
ING15_028 AW et al. Jun-15 6m 85.38 68.38 75.56 30.1 Y/N/- 
ING15_029 AW et al. Jun-15 6m 91.52 74.62 82.03 39.7 Y/N/- 
ING15_030 AW et al. Jun-15 6m 87.27 72.19 79.95 32.2 Y/-/- 
ING15_031 AW et al. Jun-15 6m 80.28 63.43 70.99 23.7 Y/-/- 
ING16_001 AW et al. Aug-16 70 fath 52.45 43.72 49.64 6.8 -/-/- 
ING16_002 AW et al. Aug-16 60 fath 23.02 18.60 19.72 0.5 -/-/- 
ING16_020 AW et al. Aug-16 6m Art 60.06 50.57 55.45 12.4 -/-/- 
ING16_021 AW et al. Aug-16 6m Art 76.97 63.32 71.48 38.7 -/-/- 
ING16_022 AW et al. Aug-16 6m 67.98 55.57 60.24 18.8 -/-/- 
ING16_023 AW et al. Aug-16 6m Art 55.36 43.28 47.28 8.3 -/-/- 
ING16_024 AW et al. Aug-16 6m 54.60 42.47 47.14 9.9 -/-/- 
ING16_025 AW et al. Aug-16 6m 64.43 48.47 56.66 11.9 Y/-/- 
ING16_026 AW et al. Aug-16 6m Art 86.97 75.62 81.90 39.5 -/-/- 
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Shell ID Collector 
Collection 
date 
Water  
Depth Valve 
Length  
(mm) 
Height  
(mm) 
Max height  
(mm) 
Single valve  
mass (g) B/P/M 
ING16_027 AW et al. Aug-16 6m Art 66.41 53.59 59.43 15.9 -/-/- 
ING16_028 AW et al. Aug-16 6m Art 39.03 32.52 35.71 4.9 -/-/- 
ING16_029 AW et al. Aug-16 6m Art 86.64 69.18 75.26 35.4 -/-/- 
ING16_030 AW et al. Aug-16 6m 73.40 60.52 64.40 18.9 -/-/- 
ING16_031 AW et al. Aug-16 6m Art 90.99 79.36 85.07 38.7 -/-/- 
ING16_032 AW et al. Aug-16 6m 84.12 69.81 76.45 56.7 Y/A/- 
ING16_033 AW et al. Aug-16 6m Art 27.66 22.37 23.83 1.6 -/-/- 
ING16_034 AW et al. Aug-16 6m Art 13.50 11.16 11.60 0.2 -/-/- 
ING16_035 AW et al. Aug-16 6m Art 19.73 16.43 16.59 0.6 -/-/- 
ING16_036 AW et al. Aug-16 6m Art 15.81 11.77 12.27 0.2 -/-/- 
ING16_037 AW et al. Aug-16 6m Art 14.71 11.40 11.84 0.2 -/-/- 
ING16_038 AW et al. Aug-16 6m Art 16.61 14.43 14.32 0.3 -/-/- 
ING16_039 AW et al. Aug-16 6m Art 19.43 15.91 16.82 0.8 -/-/- 
ING16_040 AW et al. Aug-16 6m Art 22.10 17.48 18.76 1.0 -/-/- 
ING16_051 AW et al. Aug-16 6m Art 69.30 57.51 62.40 18.1 -/-/- 
ING16_052 AW et al. Aug-16 6m Art 85.33 72.59 79.00 38.6 -/-/- 
ING16_053 AW et al. Aug-16 6m Art 70.19 56.33 61.39 16.1 -/-/- 
ING16_054 AW et al. Aug-16 6m Art 55.00 45.94 49.61 9.7 -/-/- 
ING16_055 AW et al. Aug-16 6m Art 42.81 36.36 39.47 5.9 -/-/- 
ING16_056 AW et al. Aug-16 6m Art 29.91 24.99 26.31 2.4 -/-/- 
ING16_057 AW et al. Aug-16 6m Art 65.06 55.13 58.19 15.8 -/-/- 
ING16_058 AW et al. Aug-16 6m Art 78.56 68.69 71.42 27.1 -/-/- 
ING16_059 AW et al. Aug-16 6m Art 86.32 68.30 78.98 27.9 -/-/- 
ING16_060 AW et al. Aug-16 6m Art 56.91 44.30 49.32 10.4 -/-/- 
ING16_I_001 AW et al. Aug-16 2-4m Art 73.25 59.73 65.99 21.7 -/-/- 
ING16_I_002 AW et al. Aug-16 2-4m Art 53.54 42.85 46.68 8.3 -/-/- 
ING16_I_003 AW et al. Aug-16 2-4m Art 75.20 61.43 64.72 22.9 -/-/- 
ING16_TB_001 AW et al. Aug-16 11m Art 74.58 62.30 67.88 20.6 -/-/- 
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Table 3 Archived dead collected shell material from Ingøya.  See Figure E-1 for references to measurement dimensions.  ).  Depths are recorded in meters or 
fathoms (fath).  Shell condition is qualitatively rated for periostracum, ligament, shell margin, bioerosion, and nacre condition on a 1-5, 1-4, 1-4, 1-4, and 1-3 
scale, respectively, with 1 representing condition of shell is indistinguishable from live collected material.  Shell processing information as of October, 2017 is 
noted in the last column (B=blocked in epoxy, P=acetate peel, and M=milled for isotopic analysis for the A block or B block where specified; D indicates the 
shell has been radiocarbon dated). 
Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC09_001 Feb-14 6m L 88.12 71.83 80.51 59.7 3/2/2/1/1 -/-/-/- 
DC09_002 Feb-14 6m R 89.27 73.36 79.74 53.9 4/2/2/2/1 -/-/-/- 
DC09_003 Feb-14 6m L 78.01 64.53 74.00 42.7 3/3/2/2/1 -/-/-/- 
DC09_004 Feb-14 6m R 84.91 68.18 78.03 36.5 5/4/2/2/1 -/-/-/- 
DC09_005 Feb-14 6m L 96.42 79.36 90.62 75.4 5/4/1/2/3 -/-/-/- 
DC09_006 Feb-14 6m L 69.20 58.50 63.18 21.0 1/2/1/2/3 -/-/-/- 
DC09_007 Feb-14 6m L 79.35 65.33 72.09 45.1 4/3/2/1/3 -/-/-/- 
DC09_008 Feb-14 6m L 64.80 51.12 56.85 14.9 1/4/3/2/2 -/-/-/- 
DC09_009 Feb-14 6m R 91.50 76.32 85.87 80.9 3/3/1/2/1 -/-/-/- 
DCING13_001 May-13 6m Art 57.20 48.60 51.90 10.1 1/2/2/1/1 -/-/-/- 
DCING13_002 May-13 6m L 36.40 28.60 31.50 2.7 3/4/3/1/2 -/-/-/- 
DCING13_003 May-13 6m R 48.20 40.40 43.00 7.3 3/4/2/1/1 -/-/-/- 
DCING13_004 May-13 6m R 46.90 35.50 40.80 5.0 2/3/3/1/2 -/-/-/- 
DCING13_005 May-13 6m R 49.70 40.30 45.00 8.1 3/4/2/1/1 -/-/-/- 
DCING13_006 May-13 6m R 51.70 41.60 44.30 8.2 4/4/2/1/2 -/-/-/- 
DCING13_007 May-13 6m R 55.30 40.20 44.20 11.3 2/4/2/1/2 -/-/-/- 
DCING13_008 May-13 6m L 55.10 42.40 47.00 11.2 1/2/2/1/1 -/-/-/- 
DCING13_009 May-13 6m L 46.30 36.50 41.60 6.4 5/4/2/2/3 -/-/-/- 
DCING13_010 May-13 6m L 50.60 41.70 44.20 8.7 4/4/2/2/3 -/-/-/- 
DCING13_011 May-13 6m L 61.20 50.10 54.80 12.2 2/3/2/1/1 -/-/-/- 
DCING13_012 May-13 6m R 71.80 59.30 65.40 27.4 2/4/2/2/2 -/-/-/- 
DCING13_013 May-13 6m L 69.60 55.20 59.90 16.5 4/4/2/3/3 -/-/-/- 
DCING13_014 May-13 6m R na 49.30 53.40 15.1 3/4/3/2/2 -/-/-/- 
DCING13_015 May-13 6m Art 66.90 53.70 60.00 15.5 1/2/1/1/1 -/-/-/- 
DCING13_016 May-13 6m R 64.80 53.00 57.90 15.6 2/4/2/1/1 -/-/-/- 
DCING13_017 May-13 6m L 66.30 56.00 59.90 14.9 3/3/3/1/2 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING13_018 May-13 6m L 70.40 54.90 61.80 16.3 1/4/1/1/1 -/-/-/- 
DCING13_019 May-13 6m L 66.00 54.20 60.20 17.0 3/3/2/2/1 -/-/-/- 
DCING13_020 May-13 6m R 60.40 50.60 53.50 11.8 5/4/2/2/2 -/-/-/- 
DCING13_021 May-13 6m R 56.00 59.80 59.80 15.2 4/4/2/2/2 -/-/-/- 
DCING13_022 May-13 6m R 63.90 na na 12.7 1/2/4/1/1 -/-/-/- 
DCING13_023 May-13 6m L 62.90 50.60 58.20 15.5 5/4/2/3/3 -/-/-/- 
DCING13_024 May-13 6m L 64.80 51.00 56.00 14.5 5/4/2/2/3 -/-/-/- 
DCING13_025 May-13 6m Art 71.10 58.60 62.50 17.1 1/1/1/1/1 -/-/-/- 
DCING13_026 May-13 6m Art 71.00 59.00 64.70 16.2 1/3/1/1/1 -/-/-/- 
DCING13_027 May-13 6m R 65.70 56.00 61.30 16.5 4/4/2/2/2 -/-/-/- 
DCING13_028 May-13 6m R 69.30 na 60.20 22.8 5/4/3/2/2 -/-/-/- 
DCING13_029 May-13 6m R 68.80 55.80 60.70 17.5 2/3/2/2/2 -/-/-/- 
DCING13_030 May-13 6m R 70.60 56.70 62.50 18.1 2/3/1/1/1 -/-/-/- 
DCING13_031 May-13 6m R 69.70 55.50 61.80 18.7 1/3/2/1/1 -/-/-/- 
DCING13_032 May-13 6m L 70.60 57.30 63.80 19.0 1/3/2/1/1 -/-/-/- 
DCING13_033 May-13 6m L 70.10 57.80 63.70 26.9 5/4/3/2/2 -/-/-/- 
DCING13_034 May-13 6m L 70.70 57.40 61.50 21.5 2/3/2/2/2 -/-/-/- 
DCING13_035 May-13 6m L 69.70 60.30 63.10 15.8 1/1/2/1/1 -/-/-/- 
DCING13_036 May-13 6m L 69.80 56.30 61.30 18.6 2/2/2/1/1 -/-/-/- 
DCING13_037 May-13 6m L 71.10 57.80 63.60 19.0 2/2/2/1/1 -/-/-/- 
DCING13_038 May-13 6m L 65.30 58.10 63.90 32.7 5/4/3/2/3 -/-/-/- 
DCING13_039 May-13 6m L 68.44 57.30 62.90 25.8 4/4/2/2/2 -/-/-/- 
DCING13_040 May-13 6m Art 78.60 64.60 71.00 24.6 2/2/4/1/2 -/-/-/- 
DCING13_041 May-13 6m R 74.60 61.60 67.30 20.3 1/2/1/1/1 -/-/-/- 
DCING13_042 May-13 6m R 70.40 59.70 63.60 19.5 1/2/1/1/1 -/-/-/- 
DCING13_043 May-13 6m R 71.80 57.90 63.30 19.0 1/2/1/1/1 -/-/-/- 
DCING13_044 May-13 6m R 77.20 63.70 70.50 25.5 1/3/2/1/1 -/-/-/- 
DCING13_045 May-13 6m R 70.10 56.00 61.90 16.5 1/3/2/1/1 -/-/-/- 
DCING13_046 May-13 6m L 79.90 62.30 68.50 26.8 1/1/1/1/1 -/-/-/- 
DCING13_047 May-13 6m Art 82.00 65.00 69.90 32.7 1/1/2/1/1 -/-/-/- 
DCING13_048 May-13 6m L 76.70 62.70 67.00 21.3 1/2/2/2/2 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING13_049 May-13 6m L 71.70 60.80 64.70 18.8 1/2/1/1/1 -/-/-/- 
DCING13_050 May-13 6m R 76.30 61.50 67.40 21.4 2/2/1/1/2 -/-/-/- 
DCING13_051 May-13 6m R 74.00 68.00 71.50 37.3 2/3/2/1/2 -/-/-/- 
DCING13_052 May-13 6m R 63.00 51.00 57.30 17.4 3/4/2/1/2 -/-/-/- 
DCING13_053 May-13 6m R 76.10 61.80 66.60 29.7 4/4/2/2/2 -/-/-/- 
DCING13_054 May-13 6m R 69.80 60.50 67.60 34.7 3/2/2/1/2 -/-/-/- 
DCING13_055 May-13 6m R 69.90 59.30 63.90 22.4 4/4/2/2/2 -/-/-/- 
DCING13_056 May-13 6m R 76.50 63.40 67.20 23.1 4/4/2/1/2 -/-/-/- 
DCING13_057 May-13 6m R 76.30 60.70 71.60 37.0 3/3/3/21/ -/-/-/- 
DCING13_058 May-13 6m R 77.50 63.60 72.00 31.6 1/4/2/1/1 -/-/-/- 
DCING13_059 May-13 6m R 75.70 62.00 68.60 30.9 1/3/2/1/1 -/-/-/- 
DCING13_060 May-13 6m L 74.70 62.40 67.80 26.0 2/4/2/2/1 -/-/-/- 
DCING13_061 May-13 6m L 74.00 59.60 68.10 36.0 2/4/2/2/2 -/-/-/- 
DCING13_062 May-13 6m L 75.30 61.50 70.90 34.4 2/3/1/2/2 -/-/-/- 
DCING13_063 May-13 6m L 77.20 62.30 69.60 28.7 2/3/2/1/2 -/-/-/- 
DCING13_064 May-13 6m L 83.90 63.00 71.90 40.0 2/3/3/1/1 -/-/-/- 
DCING13_065 May-13 6m L 79.70 64.70 71.50 24.1 1/3/2/1/1 -/-/-/- 
DCING13_066 May-13 6m R 70.80 59.70 68.50 27.5 5/4/3/3/3 -/-/-/- 
DCING13_067 May-13 6m R na na na na 5/4/2/1/2 -/-/-/- 
DCING13_068 May-13 6m R 72.80 57.40 63.70 22.7 4/4/3/2/3 -/-/-/- 
DCING13_069 May-13 6m R 73.70 64.80 67.00 36.4 5/4/2/3/3 -/-/-/- 
DCING13_070 May-13 6m L 79.50 62.50 70.90 25.4 5/4/2/2/2 -/-/-/- 
DCING13_071 May-13 6m L 71.70 59.50 66.50 21.7 5/4/2/2/3 -/-/-/- 
DCING13_072 May-13 6m L na na na na 4/4/na/2/2 -/-/-/- 
DCING13_073 May-13 6m R na na na na 1/1/na/1/1 -/-/-/- 
DCING13_074 May-13 6m R 60.90 51.10 55.20 12.1 1/2/2/1/1 -/-/-/- 
DCING13_075 May-13 6m R 81.00 66.20 71.90 27.3 1/1/1/1/2 -/-/-/- 
DCING13_076 May-13 6m R 82.60 68.50 75.00 27.7 1/2/1/1/2 -/-/-/- 
DCING13_077 May-13 6m L 87.60 69.90 76.30 31.9 1/2/1/1/1 -/-/-/- 
DCING13_078 May-13 6m Art 79.97 65.50 71.50 25.7 1/2/1/1/2 -/-/-/- 
DCING13_079 May-13 6m Art 83.40 67.20 75.70 33.4 /2/1/1/1 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING13_080 May-13 6m Art 80.50 65.60 71.10 27.1 1/2/2/3/3 -/-/-/- 
DCING13_081 May-13 6m Art 86.90 69.20 79.40 43.3 3/3/3/1/1 -/-/-/- 
DCING13_082 May-13 6m Art 76.60 65.30 71.30 21.8 1/3/1/1/1 -/-/-/- 
DCING13_083 May-13 6m L 78.40 63.10 69.30 21.9 5/2/2/1/1 -/-/-/- 
DCING13_084 May-13 6m R na na na na 3/4/na/2/3 -/-/-/- 
DCING13_085 May-13 6m R 89.40 78.80 81.20 46.2 3/4/2/1/1 -/-/-/- 
DCING13_086 May-13 6m R 84.00 69.90 74.90 34.5 4/4/2/1/2 -/-/-/- 
DCING13_087 May-13 6m R 95.00 76.80 87.10 76.7 3/4/2/1/1 -/-/-/- 
DCING13_088 May-13 6m R 78.30 67.50 74.70 45.4 2/4/2/2/2 -/-/-/- 
DCING13_089 May-13 6m L na na na na 3/4/na/1/1 -/-/-/- 
DCING13_090 May-13 6m L na na na na 2/4/1/2/1 -/-/-/- 
DCING13_091 May-13 6m L 81.70 63.30 73.40 46.2 3/4/3/1/1 -/-/-/- 
DCING13_092 May-13 6m L 96.60 71.60 86.70 71.0 4/4/3/1/1 -/-/-/- 
DCING13_093 May-13 6m L 86.40 67.20 79.70 41.4 1/3/2/1/1 -/-/-/- 
DCING13_094 May-13 6m R na na na na 4/4/na/1/1 -/-/-/- 
DCING13_095 May-13 6m R na na na na 5/4/na/2/3 -/-/-/- 
DCING13_096 May-13 6m R 82.80 65.30 74.00 29.9 4/4/2/2/3 -/-/-/- 
DCING13_097 May-13 6m R 75.80 63.30 68.20 27.4 5/4/2/1/1 -/-/-/- 
DCING13_098 May-13 6m R 76.80 66.80 72.60 34.7 5/4/3/2/3 -/-/-/- 
DCING13_099 May-13 6m L na 62.40 71.90 37.4 5/4/3/1/1 -/-/-/- 
DCING13_100 May-13 6m L 91.70 77.50 83.00 50.2 5/4/2/2/2 -/-/-/- 
DCING13_101 May-13 6m L na 64.00 69.30 45.1 5/4/3/2/2 -/-/-/- 
DCING13_102 May-13 6m L na na na na 5/4/4/2/2 -/-/-/- 
DC13_B3_001 2013 na L 95.12 76.12 88.47 69.5 3/2/2// Y/B/A/Y 
DC13_B3_002 2013 na L 112.01 89.81 96.25 99.8 1/1/3// Y/-/-/- 
DC13_B3_003 2013 na R 85.81 71.06 82.12 73.4 2/1/2// -/-/-/- 
DC13_B3_004 2013 na L 82.66 64.53 75.47 52.9 2/1/3// -/-/-/- 
DC13_B3_005 2013 na L 89.93 74.72 83.21 52.2 2/1/2// -/-/-/- 
DC13_B3_006 2013 na L 83.48 68.10 76.95 41.0 3/3/3// -/-/-/- 
DC13_B3_007 2013 na R 82.40 76.09 80.60 61.7 1/1/3// -/-/-/- 
DC13_B3_008 2013 na R 85.74 70.55 80.31 50.8 2/1/3// -/-/-/- 
DC13_B3_009 2013 na R 90.98 76.20 83.47 60.0 2/1/3// -/-/-/- 
DC13_B3_010 2013 na R 89.75 76.24 82.30 54.0 2/1/2// -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC13_B3_011 2013 na R 83.10 75.89 82.33 63.3 1/1/2// -/-/-/- 
DC13_B3_012 2013 na L 85.63 72.83 82.40 78.9 2/1/3// -/-/-/- 
DC13_B3_013 2013 na R 85.13 73.57 78.93 60.6 2/1/2// -/-/-/- 
DC13_B3_014 2013 na L 85.03 72.61 76.62 53.2 2/1/3// -/-/-/- 
DC13_B3_015 2013 na R 89.78 72.71 83.15 59.9 3/2/2// -/-/-/- 
DC13_B3_016 2013 na L 87.20 69.42 79.15 43.8 2/1/3// -/-/-/- 
DC13_B3_017 2013 na L 85.76 70.82 78.42 85.3 2/1/3// -/-/-/- 
DC13_B3_018 2013 na R 81.81 65.12 73.76 39.9 1/1/4// -/-/-/- 
DC13_B3_019 2013 na R 75.25 63.45 70.73 48.8 3/1/3// -/-/-/- 
DC13_B3_020 2013 na R 98.83 82.26 91.92 69.1 1/1/3// -/-/-/- 
DC13_B3_021 2013 na R 85.90 70.78 78.70 63.8 2/1/2// -/-/-/- 
DC13_B3_022 2013 na L 87.89 72.51 81.61 54.6 3/4/3// -/-/-/- 
DC13_B3_023 2013 na R 79.97 67.26 76.09 45.4 2/1/3// -/-/-/- 
DC13_B3_024 2013 na Art 84.50 69.80 79.20 68.5 2/2/3// Y/Y/-/- 
DC13_B3_025 2013 na Art 92.80 79.00 83.70 75.8 2/2/4// Y/Y/A/Y 
DC13_B3_026 2013 na R 95.04 74.73 86.73 84.0 4/1/2/1/ -/-/-/- 
DC13_B3_027 2013 na R 91.72 74.14 88.83 56.7 4/2/2/1/ -/-/-/- 
DC13_B3_028 2013 na R 89.45 72.97 83.91 61.7 3/2/2/1/ -/-/-/- 
DC13_B3_029 2013 na R 90.92 71.23 84.26 65.3 3/2/2/2/ -/-/-/- 
DC13_B3_030 2013 na L 81.26 72.29 77.23 56.7 4/3/2/1/ -/-/-/- 
DC13_B3_031 2013 na L 99.69 83.92 96.05 78.7 4/2/3/1/2 -/-/-/- 
DC13_B3_032 2013 na L 89.86 74.94 82.40 63.8 5/4/2/1/3 -/-/-/- 
DC13_B3_033 2013 na R 104.35 83.96 96.71 84.1 5/4/2/1/2 Y/-/-/- 
DC13_B3_034 2013 na R 76.22 65.97 73.07 43.6 5/4/2/1/3 -/-/-/- 
DC13_B3_034 2013 na R 76.22 65.97 73.07 43.6 5/4/2/1/3 -/-/-/- 
DC13_B3_036 2013 na L 82.95 64.25 74.44 41.2 3/3/2/1/2 -/-/-/- 
DC13_B3_037 2013 na R 88.03 71.65 79.34 55.0 5/3/3/1/2 -/-/-/- 
DC13_B3_038 2013 na L 101.62 81.95 93.43 79.7 5/3/2/1/3 -/-/-/- 
DC13_B3_039 2013 na L 77.39 66.25 73.15 55.8 5/4/2/1/2 -/-/-/- 
DC13_B3_040 2013 na L 86.20 71.71 79.50 50.5 5/3/2/1/3 -/-/-/- 
DC13_B3_041 2013 na L 83.24 65.40 77.97 55.6 3/3/2/1/1 -/-/-/- 
DC13_B3_042 2013 na R 88.95 70.05 79.23 45.6 3/2/2/1/2 -/-/-/- 
DC13_B3_043 2013 na R 83.96 70.14 77.76 58.1 5/4/3/1/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC13_B3_044 2013 na R 80.30 68.88 79.34 53.0 4/3/2/1/2 -/-/-/- 
DC13_B3_045 2013 na R 79.92 63.01 70.67 37.3 4/3/2/2/3 -/-/-/- 
DC13_B3_046 2013 na R 86.50 76.42 85.65 79.7 3/3/3/1/2 Y/-/-/- 
DC13_B3_047 2013 na L 80.33 65.17 75.88 51.1 4/3/2/1/2 -/-/-/- 
DC13_B3_048 2013 na R 77.82 69.83 74.43 47.0 3/3/2/1/2 -/-/-/- 
DC13_B3_049 2013 na L 89.43 72.07 80.19 50.0 4/3/2/2/3 -/-/-/- 
DC13_B3_050 2013 na R 87.46 69.00 78.97 51.4 4/3/2/1/2 -/-/-/- 
DC13_B3_051 2013 na R 92.31 75.23 81.74 46.2 5/3/2/1/2 -/-/-/- 
DC13_B3_052 2013 na L 79.44 66.21 73.77 73.8 4/3/2/1/2 -/-/-/- 
DC13_B3_053 2013 na R 88.14 74.45 81.49 49.4 4/3/2/1/2 -/-/-/- 
DC13_B3_054 2013 na R 84.73 68.62 77.21 45.9 4/3/2/1/2 -/-/-/- 
DC13_B3_055 2013 na R 87.67 72.13 81.20 47.5 5/2/3/1/3 -/-/-/- 
DC13_B3_056 2013 na R 82.96 68.78 78.33 53.7 4/3/1/1/2 -/-/-/- 
DC13_B3_057 2013 na R 86.22 69.34 79.07 64.2 5/4/2/1/1 -/-/-/- 
DC13_B3_058 2013 na L 79.84 65.74 74.85 46.9 3/3/2/1/2 -/-/-/- 
DC13_B3_059 2013 na R 88.68 73.24 80.27 63.4 4/3/2/1/2 -/-/-/- 
DC13_B3_060 2013 na R 86.69 70.41 72.90 56.5 4/3/2/1/2 -/-/-/- 
DC13_B3_061 2013 na R 93.66 79.73 85.67 75.5 4/3/3/1/2 -/-/-/- 
DC13_B3_062 2013 na R 92.44 72.32 85.06 75.5 4/3/2/1/2 -/-/-/- 
DC13_B3_063 2013 na L 96.00 79.63 87.89 71.8 5/4/3/1/3 -/-/-/- 
DC13_B3_064 2013 na L 85.35 66.59 78.35 48.7 4/3/2/1/2 -/-/-/- 
DC13_B3_065 2013 na L 88.55 76.93 83.26 87.6 4/3/2/1/2 Y/-/-/- 
DC13_B3_066 2013 na R 90.42 71.52 81.63 53.8 5/3/2/2/3 -/-/-/- 
DC13_B3_067 2013 na R 84.96 72.61 77.40 63.8 3/3/1/1/1 -/-/-/- 
DC13_B3_068 2013 na L 93.86 76.68 85.32 56.6 4/3/2/1/2 -/-/-/- 
DC13_B3_069 2013 na L 96.27 76.02 87.03 53.3 5/3/2/1/3 -/-/-/- 
DC13_B3_070 2013 na R 97.09 77.03 89.88 61.1 5/3/2/1/3 -/-/-/- 
DC13_B3_071 2013 na R 88.43 74.59 81.32 60.4 4/3/2/1/2 -/-/-/- 
DC13_B3_072 2013 na R 97.93 81.78 93.05 69.8 5/4/2/1/2 -/-/-/- 
DC13_B3_073 2013 na L na na na na 4/3/2/1/2 -/-/-/- 
DC13_B3_074 2014 na L na na na na 5/4/2/1/3 -/-/-/- 
DC13_B2_001 2013 L 77.64 68.81 74.48 38.1 5/3/1/3/ -/-/-/- 
DC13_B2_002 2013 R 69.25 58.46 62.73 21.3 5/2/2/5/ -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC13_B2_003 2013 L 79.92 63.67 71.45 41.4 5/2/2/2/ -/-/-/- 
DC13_B2_004 2013 L 72.13 60.83 66.02 35.9 5/2/2/1/ -/-/-/- 
DC13_B2_005 2013 R 77.69 67.91 75.77 37.9 4/2/3/4/ -/-/-/- 
DC13_B2_006 2013 R 71.93 60.60 66.01 37.0 5/2/2/3/ -/-/-/- 
DC13_B2_007 2013 R 79.09 69.80 74.39 39.5 5/2/1/4/ -/-/-/- 
DC13_B1_001 2013 R - 55.94 62.92 21.8 5/2/3/3/ -/-/-/- 
DC13_B1_002 2013 R 68.13 56.93 63.03 21.5 5/2/1/3/ -/-/-/- 
DC13_B1_003 2013 L 72.35 61.05 67.01 42.6 5/2/3/2/ -/-/-/- 
DC13_B1_004 2013 R 76.18 64.61 71.40 28.1 5/2/3/2/ -/-/-/- 
DC13_B1_005 2013 R 63.39 50.23 55.29 13.0 5/2/2/1/ -/-/-/- 
DC13_B1_006 2013 L 64.99 52.62 58.07 20.0 5/2/2/2/ -/-/-/- 
DC14_B1_001 Aug-14 na Art 96.91 78.06 89.86 93.6 4/3/1/2/2 Y/A/-/- 
DC14_B1_002 Aug-14 na Art 80.27 68.80 74.19 49.7 4/3/1/2/3 -/-/-/- 
DC14_B1_003 Aug-14 na Art 84.87 66.11 75.65 48.3 4/3/2/2/1 -/-/-/- 
DC14_B1_004 Aug-14 na L 86.50 74.61 78.08 81.2 4/3/2/2/2 -/-/-/- 
DC14_B1_005 Aug-14 na R 95.63 80.26 93.79 111.8 4/3/2/1/2 Y/-/-/ 
DC14_B1_006 Aug-14 na L 87.87 72.35 79.24 81.5 4/3/3/3/2 -/-/-/- 
DC14_B1_007 Aug-14 na L 90.10 76.32 83.23 95.4 4/3/3/1/2 -/-/-/ 
DC14_B1_008 Aug-14 na L 94.32 80.16 86.21 64.6 3/3/2/2/2 -/-/-/- 
DC14_B1_009 Aug-14 na L? 112.14 95.09 103.59 125.2 5/4/2/1/2 Y/-/-/- 
DC14_B1_010 Aug-14 na R 81.98 63.44 72.72 51.9 3/4/2/1/1 -/-/-/- 
DC14_B1_011 Aug-14 na L 79.16 65.87 76.53 56.6 4/4/2/1/1 -/-/-/- 
DC14_B1_012 Aug-14 na R 90.83 76.87 86.19 75.5 4/3/2/2/2 -/-/-/- 
DC14_B1_013 Aug-14 na L 94.71 71.86 85.76 104.3 4/4/1/2/2 Y/-/-/Y 
DC14_B1_014 Aug-14 na R 89.24 72.45 81.04 65.1 4/4/3/3/2 Y/-/-/- 
DC14_B1_015 Aug-14 na L 111.29 94.19 na 137.2 5/4/4/2/2 Y/-/-/- 
DC14_B1_016 Aug-14 na L 92.70 77.47 86.36 61.0 4/4/3/2/2 -/-/-/- 
DC14_B1_017 Aug-14 na L 82.94 71.52 77.19 57.6 4/2/3/2/2 -/-/-/- 
DC14_B1_018 Aug-14 na R 89.19 74.99 83.81 97.8 4/3/2/2/2 -/-/-/ 
DC14_B1_019 Aug-14 na R 83.03 69.22 74.12 76.3 3/3/2/1/1 -/-/-/- 
DC14_B1_020 Aug-14 na R 99.33 79.51 92.25 73.0 4/3/3/2/2 Y/Y/-/- 
DC14_B1_021 Aug-14 na L 88.83 71.31 82.75 66.1 5/4/2/1/1 -/-/-/- 
DC14_B1_022 Aug-14 na L 99.26 83.48 94.90 95.7 4/4/3/3/2 Y/-/-/ 
DC14_B1_023 Aug-14 na R 83.29 66.61 76.86 73.3 3/4/1/3/2 -/-/-/ 
DC14_B1_024 Aug-14 na L 84.53 72.96 82.73 68.9 3/4/2/2/2 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC14_B1_025 Aug-14 na L 103.39 87.83 99.20 104.4 5/4/2/2/2 -/-/-/- 
DC14_B1_026 Aug-14 na L 100.19 87.18 95.77 111.3 5/4/3/2/2 Y/-/-/ 
DC14_B1_027 Aug-14 na L 93.70 77.42 84.58 80.1 4/4/2/1/1 Y/-/-/- 
DC14_B1_028 Aug-14 na L 109.93 90.49 103.02 125.0 5/4/3/2/2 -/-/-/- 
DC14_B1_029 Aug-14 na R 89.77 74.77 84.70 74.1 4/4/1/2/2 -/-/-/- 
DC14_B1_030 Aug-14 na L 87.74 73.44 79.47 59.6 4/4/2/2/2 -/-/-/- 
DC14_B1_031 Aug-14 na L 90.51 75.26 83.73 81.5 4/4/3/2/2 -/-/-/- 
DC14_B1_032 Aug-14 na R 97.35 79.00 85.68 91.3 4/3/2/2/2 Y/-/-/ 
DC14_B1_033 Aug-14 na R 87.38 66.48 80.99 60.1 4/4/2/1/1 -/-/-/- 
DC14_B1_034 Aug-14 na L 86.12 63.23 75.18 53.4 4/4/1/1/2 Y/-/-/- 
DC14_B1_035 Aug-14 na R 84.16 65.74 77.80 93.5 5/4/1/1/3 Y/-/-/ 
DC14_B1_036 Aug-14 na L 73.12 59.33 66.80 22.1 3/3/2/1/1 -/-/-/- 
DC14_B1_037 Aug-14 na R 105.11 87.65 97.99 101.1 5/4/2/2/2 Y/-/-/ 
DC14_B1_038 Aug-14 na L 80.09 69.52 78.29 58.7 4/3/2/1/2 -/-/-/- 
DC14_B1_039 Aug-14 na L 93.03 76.55 88.22 79.3 5/4/3/1/2 -/-/-/- 
DC14_B1_040 Aug-14 na L 80.29 66.13 73.07 50.1 2/3/2/1/2 -/-/-/- 
DC14_B1_041 Aug-14 na L 79.48 67.13 73.50 50.1 4/3/2/1/2 -/-/-/- 
DC14_B1_042 Aug-14 na L 86.39 69.89 79.55 47.5 3/4/2/2/3 -/-/-/- 
DC14_B1_043 Aug-14 na L 87.50 77.52 88.22 79.7 3/3/3/1/2 -/-/-/- 
DC14_B1_044 Aug-14 na L 90.28 77.90 81.03 78.0 4/4/3/1/2 -/-/-/- 
DC14_B1_045 Aug-14 na L 78.43 65.63 73.73 41.2 5/4/3/1/2 -/-/-/- 
DC14_B1_046 Aug-14 na L 86.41 76.59 82.74 64.9 4/4/2/1/3 -/-/-/- 
DC14_B1_047 Aug-14 na L 92.36 75.21 82.58 68.4 3/2/2/1/2 Y/-/-/- 
DC14_B1_048 Aug-14 na R 79.14 67.92 75.64 44.0 4/3/2/2/3 -/-/-/- 
DC14_B1_049 Aug-14 na L 88.35 70.28 80.74 58.8 2/3/2/1/2 -/-/-/- 
DC14_B1_050 Aug-14 na L 91.36 77.23 82.63 81.0 4/3/3/1/2 -/-/-/- 
DC14_B1_051 Aug-14 na L 87.83 79.89 84.47 98.1 4/3/2/2/3 -/-/-/ 
DC14_B1_052 Aug-14 na L na 71.97 81.67 62.5 4/3/2/1/1 -/-/-/- 
DC14_B1_053 Aug-14 na L 92.90 79.02 84.65 75.8 4/3/1/1/3 -/-/-/- 
DC14_B1_054 Aug-14 na L 95.70 77.84 89.43 70.0 5/4/2/1/3 -/-/-/- 
DC14_B1_055 Aug-14 na L 106.29 87.75 99.56 99.1 5/4/2/1/3 Y/-/-/- 
DC14_B1_056 Aug-14 na R 90.06 78.77 86.41 95.7 5/4/2/1/3 Y/-/-/ 
DC14_B1_057 Aug-14 na R 91.23 71.08 84.31 60.8 4/4/1/2/2 -/-/-/- 
DC14_B1_058 Aug-14 na L 92.01 75.93 85.56 70.3 5/4/3/1/2 -/-/-/- 
DC14_B1_059 Aug-14 na R 96.89 80.59 88.90 122.4 4/4/1/2/3 Y/-/-/ 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC14_B1_060 Aug-14 na L 94.73 80.49 86.98 85.0 5/4/1/2/2 -/-/-/- 
DC14_B1_061 Aug-14 na L 85.67 73.72 78.85 59.0 4/4/1/1/2 -/-/-/- 
DC14_B1_062 Aug-14 na L 98.79 75.21 88.34 65.4 5/4/2/2/3 -/-/-/- 
DC14_B1_063 Aug-14 na L 89.91 70.44 82.98 82.9 4/3/2/1/2 -/-/-/ 
DC14_B1_064 Aug-14 na L 82.04 65.48 76.18 50.7 3/4/2/1/2 -/-/-/- 
DC14_B1_065 Aug-14 na R 92.14 78.82 87.81 97.5 4/3/2/1/2 Y/-/-/ 
DC14_B1_066 Aug-14 na R 87.95 72.61 81.52 59.5 4/3/1/1/1 -/-/-/- 
DC14_B1_067 Aug-14 na L 87.83 73.98 81.62 82.3 4/4/2/1/1 -/-/-/- 
DC14_B1_068 Aug-14 na R 86.51 68.47 82.07 59.3 4/4/2/1/2 -/-/-/- 
DC14_B1_069 Aug-14 na L 108.14 83.41 99.20 111.3 5/4/2/1/3 Y/-/-/ 
DC14_B1_070 Aug-14 na L 89.62 76.96 83.85 87.5 5/4/1/2/2 -/-/-/- 
DC14_B1_071 Aug-14 na R 92.53 80.22 87.61 79.1 5/4/2/1/1 -/-/-/- 
DC14_B1_072 Aug-14 na L 85.42 71.97 80.01 72.3 3/3/3/2/3 -/-/-/- 
DC14_B1_073 Aug-14 na R 96.03 81.76 89.49 90.2 3/4/1/2/3 Y/A/-/Y 
DC14_B1_074 Aug-14 na R 82.28 70.35 75.23 54.7 4/3/1/2/2 -/-/-/- 
DC14_B1_075 Aug-14 na L 85.92 72.74 80.51 71.9 5/4/2/1/1 Y/-/-/- 
DC14_B1_076 Aug-14 na R 98.34 74.82 87.91 76.1 4/3/2/2/2 Y/-/-/- 
DC14_B1_077 Aug-14 na R 74.69 62.33 68.60 47.6 4/4/1/1/2 -/-/-/- 
DC14_B1_078 Aug-14 na L 106.76 93.92 101.60 102.6 5/4/2/2/3 Y/-/-/- 
DC14_B1_079 Aug-14 na L 86.32 70.11 79.05 57.0 4/4/2/1/3 -/-/-/- 
DC14_B1_080 Aug-14 na L 82.94 67.24 73.93 64.0 4/4/1/1/2 -/-/-/- 
DC14_B1_081 Aug-14 na R 82.33 72.89 78.90 60.1 3/3/2/2/2 -/-/-/- 
DC14_B1_082 Aug-14 na R 81.94 68.38 76.71 41.9 3/4/2/1/3 -/-/-/- 
DC14_B1_083 Aug-14 na L 90.06 72.29 79.37 60.3 4/4/1/2/2 -/-/-/- 
DC14_B1_084 Aug-14 na L 90.52 71.62 82.05 87.0 4/4/2/1/2 Y/A/-/Y 
DC14_B1_085 Aug-14 na L 79.18 58.10 69.19 54.9 4/4/1/1/2 -/-/-/- 
DC14_B1_086 Aug-14 na L 80.55 65.00 75.00 55.0 4/4/2/2/3 -/-/-/- 
DC14_B1_087 Aug-14 na R 79.22 66.32 75.58 58.2 4/4/2/1/1 -/-/-/- 
DC14_B1_088 Aug-14 na L 90.68 70.35 82.97 79.7 4/4/1/1/2 Y/-/-/Y 
DC14_B1_089 Aug-14 na L 92.04 78.29 88.18 97.7 4/4/2/2/3 -/-/-/- 
DC14_B1_090 Aug-14 na L 86.12 78.02 85.07 48.5 3/4/3/2/3 -/-/-/- 
DC14_B1_091 Aug-14 na L 87.17 67.47 78.06 68.5 4/4/2/2/2 -/-/-/- 
DC14_B1_092 Aug-14 na L 87.07 72.77 80.08 70.0 5/4/3/1/2 -/-/-/- 
DC14_B1_093 Aug-14 na L 86.93 76.04 85.46 67.2 3/4/2/1/2 -/-/-/- 
DC14_B1_094 Aug-14 na R 106.37 87.51 98.73 105.8 5/4/2/1/2 Y/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC14_B1_095 Aug-14 na R 88.60 72.33 81.36 87.0 4/4/2/1/3 -/-/-/- 
DC14_B1_096 Aug-14 na L 92.15 81.05 87.07 83.4 5/4/3/1/3 -/-/-/- 
DC14_B1_097 Aug-14 na L 95.08 83.33 93.01 84.4 3/3/1/2/2 Y/Y/-/- 
DC14_B1_098 Aug-14 na L 88.42 77.35 83.75 58.3 4/4/1/1/3 -/-/-/- 
DC14_B1_099 Aug-14 na L 92.54 77.01 88.69 85.1 2/4/2/2/2 Y/-/-/- 
DC14_B1_100 Aug-14 na R 89.56 67.60 81.87 62.8 4/4/2/1/2 -/-/-/- 
DC14_B1_101 Aug-14 na L 106.30 89.43 97.62 129.0 5/4/1/2/2 Y/Y/-/- 
DC14_B1_102 Aug-14 na R 88.46 71.32 83.42 66.4 4/4/2/2/3 -/-/-/- 
DC14_B1_103 Aug-14 na R 86.29 75.47 80.34 59.4 4/4/2/1/3 -/-/-/- 
DC15_B1_001 Jun-15 na Art 89.42 69.44 78.94 63.0 3/1/2/1/3 -/-/-/- 
DC15_B1_002 Jun-15 na Art 85.39 71.30 77.87 61.6 4/4/1/1/1 -/-/-/- 
DC15_B1_003 Jun-15 na Art 88.28 69.78 77.71 43.7 1/1/1/1/2 -/-/-/- 
DC15_B1_004 Jun-15 na Art 93.54 72.34 82.54 63.2 3/2/1/2/2 Y/Y/-/- 
DC15_B1_005 Jun-15 na Art 81.00 64.84 74.84 52.1 4/3/1/1/2 Y/-/-/- 
DC15_B1_006 Jun-15 na L 100.99 81.45 92.04 107.3 2/4/2/1/3 Y/-/-/Y 
DC15_B1_007 Jun-15 na L 95.87 81.41 89.51 70.5 2/1/2/2/3 Y/-/-/- 
DC15_B1_008 Jun-15 na R 97.98 76.54 88.19 73.9 3/1/1/1/3 -/-/-/- 
DC15_B1_009 Jun-15 na L 100.13 78.21 90.47 76.4 5/2/2/2/3 -/-/-/- 
DC15_B1_010 Jun-15 na R 92.05 77.45 82.35 81.9 4/3/1/1/3 Y/-/-/- 
DC15_B1_011 Jun-15 na L 78.07 67.63 70.79 56.0 2/1/2/1/3 -/-/-/- 
DC15_B1_012 Jun-15 na L 89.21 71.86 79.95 80.7 4/4/1/2/2 Y/-/-/- 
DC15_B1_013 Jun-15 na R 96.81 75.76 88.55 66.8 5/4/2/2/3 -/-/-/- 
DC15_B1_014 Jun-15 na L 99.95 84.08 94.36 85.7 5/3/2/2/3 -/-/-/- 
DC15_B1_015 Jun-15 na L 86.86 74.69 83.16 83.9 1/4/3/2/3 Y/-/-/- 
DC15_B1_016 Jun-15 na R 91.32 78.27 86.03 68.5 4/4/1/1/2 -/-/-/- 
DC15_B1_017 Jun-15 na R 96.50 84.79 90.26 85.2 3/3/1/1/3 Y/A/-/- 
DC15_B1_018 Jun-15 na R 89.15 76.87 81.81 63.3 4/4/1/1/3 -/-/-/- 
DC15_B1_019 Jun-15 na R 101.98 85.27 96.35 83.7 5/4/2/1/2 -/-/-/- 
DC15_B1_020 Jun-15 na L 87.74 71.36 80.98 51.8 4/3/2/2/2 -/-/-/- 
DC15_B1_021 Jun-15 na R 95.22 81.91 89.53 96.3 4/2/1/2/3 Y/-/-/- 
DC15_B1_022 Jun-15 na R 100.66 82.83 93.69 92.1 5/4/1/2/3 -/-/-/- 
DC15_B1_023 Jun-15 na L 101.00 83.82 88.06 102.9 5/4/3/1/3 Y/A/-/- 
DC15_B1_024 Jun-15 na L 80.86 69.28 80.63 69.5 3/4/2/1/1 -/-/-/- 
DC15_B1_025 Jun-15 na R 89.41 71.77 82.01 53.4 4/3/3/2/2 -/-/-/- 
DC15_B1_026 Jun-15 na R 83.31 70.31 80.36 76.1 4/4/2/2/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC15_B1_027 Jun-15 na L 85.65 71.94 81.78 65.2 4/3/2/1/2 -/-/-/- 
DC15_B1_028 Jun-15 na R 101.59 83.68 95.39 82.8 5/4/3/1/3 Y/-/-/Y 
DC15_B1_029 Jun-15 na R 91.45 81.44 86.83 89.6 3/3/2/2/3 Y/-/-/Y 
DC15_B1_030 Jun-15 na L 84.24 71.91 79.16 58.2 4/2/2/1/2 -/-/-/- 
DC15_B1_031 Jun-15 na R 98.28 85.07 95.65 82.0 5/4/2/1/3 -/-/-/- 
DC15_B1_032 Jun-15 na R 107.76 83.67 92.38 96.6 5/4/2/2/3 -/-/-/- 
DC15_B1_033 Jun-15 na R 102.07 85.65 94.55 105.3 5/4/2/1/1 -/-/-/- 
DC15_B1_034 Jun-15 na L 106.00 87.03 95.09 62.7 5/4/2/1/3 -/-/-/- 
DC15_B1_035 Jun-15 na L 92.32 76.85 83.29 63.8 3/2/1/1/2 -/-/-/- 
DC15_B1_036 Jun-15 na R 91.99 74.22 83.98 64.9 2/3/1/2/1 -/-/-/- 
DC15_B1_037 Jun-15 na R 96.93 85.39 93.10 63.6 3/3/2/1/1 -/-/-/- 
DC15_B1_038 Jun-15 na R 81.63 70.67 80.29 70.7 2/4/2/2/3 -/-/-/- 
DC15_B1_039 Jun-15 na R 106.05 90.14 95.38 94.3 5/3/4/1/3 -/-/-/- 
DC15_B1_040 Jun-15 na R 89.99 77.70 84.29 76.6 4/4/1/2/1 -/-/-/- 
DC15_B1_041 Jun-15 na -/-/-/- 
DC15_B1_042 Jun-15 na -/-/-/- 
DC15_B1_043 Jun-15 na -/-/-/- 
DC16_B1_001 Aug-16 na R 82.84 69.97 75.28 49.1 5/4/2/1/3 -/-/-/- 
DC16_B1_002 Aug-16 na L 85.04 70.54 76.97 60.8 3/3/2/2/2 -/-/-/- 
DC16_B1_003 Aug-16 na L 72.67 91.34 82.06 60.3 4/3/2/2/2 -/-/-/- 
DC16_B1_004 Aug-16 na R 95.39 77.09 89.18 103.3 4/3/2/2/2 Y/A/-/- 
DC16_B1_005 Aug-16 na R 84.54 69.55 76.45 53.8 3/4/2/3/2 -/-/-/- 
DC16_B1_006 Aug-16 na R 79.99 66.73 77.86 60.0 3/4/2/2/2 Y/A/-/- 
DC16_B1_007 Aug-16 na L 84.46 69.58 77.33 50.6 3/4/1/2/2 -/-/-/- 
DC16_B1_008 Aug-16 na R 84.23 71.92 81.99 68.3 4/4/2/2/3 -/-/-/- 
DC16_B1_009 Aug-16 na R 78.88 67.05 75.06 49.7 2/4/2/2/2 Y/-/-/- 
DC16_B1_010 Aug-16 na L 75.25 61.84 70.64 53.4 3/4/2/2/2 -/-/-/- 
DC16_B1_011 Aug-16 na L 92.05 78.55 88.47 71.7 2/2/1/3/1 Y/-/-/- 
DC16_B1_012 Aug-16 na L 78.45 66.24 74.10 49.3 3/4/1/2/2 -/-/-/- 
DC16_B1_013 Aug-16 na L 88.31 70.81 81.45 63.2 3/3/3/2/2 -/-/-/- 
DC16_B1_014 Aug-16 na L 91.54 79.42 86.88 96.4 3/4/2/2/2 Y/-/-/- 
DC16_B1_015 Aug-16 na R 80.89 64.09 71.79 53.8 4/4/2/2/2 Y/-/-/- 
DC16_B1_016 Aug-16 na L 85.23 69.85 78.70 43.5 3/4/3/2/2 -/-/-/- 
DC16_B1_017 Aug-16 na L 93.26 79.64 87.55 74.4 3/1/2/2/2 Y/-/-/- 
DC16_B1_018 Aug-16 na L 96.32 77.78 86.19 66.3 5/4/2/2/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC16_B1_019 Aug-16 na L 87.47 69.40 77.00 75.8 3/3/2/2/2 Y/-/-/- 
DC16_B1_020 Aug-16 na L 85.58 72.11 78.82 77.2 4/2/3/2/2 Y/-/-/- 
DC16_B1_021 Aug-16 na L 91.22 70.82 82.62 66.8 4/3/2/2/2 Y/-/-/- 
DC16_B1_022 Aug-16 na L 101.05 83.18 91.38 76.5 5/3/2/2/3 -/-/-/- 
DC16_B1_023 Aug-16 na R 85.29 71.32 79.89 65.2 3/3/2/2/3 Y/-/-/- 
DC16_B1_024 Aug-16 na R 83.40 71.13 75.68 53.8 4/4/2/2/3 Y/-/-/- 
DC16_B1_025 Aug-16 na R 83.10 64.44 72.29 47.4 4/3/1/2/2 -/-/-/- 
DC16_B1_026 Aug-16 na L 91.54 72.60 78.58 52.5 3/2/2/2/2 -/-/-/- 
DC16_B1_027 Aug-16 na R 94.44 81.73 87.12 107.4 4/3/3/2/1 Y/-/-/- 
DC16_B1_028 Aug-16 na R 103.85 84.12 95.57 101.0 5/4/2/2/3 Y/-/-/- 
DC16_B1_029 Aug-16 na R 74.66 63.01 69.78 33.8 3/4/2/2/2 -/-/-/- 
DC16_B1_030 Aug-16 na L 86.80 67.63 78.63 57.3 4/3/2/3/2 -/-/-/- 
DC16_B1_031 Aug-16 na L 86.97 74.08 78.19 72.5 4/1/2/1/2 Y/-/-/- 
DC16_B1_032 Aug-16 na -/-/-/- 
DC16_B1_033 Aug-16 na L 87.83 78.24 81.38 70.1 5/4/2/4/3 -/-/-/- 
DC16_B1_034 Aug-16 na L 84.47 72.93 77.54 45.9 3/1/2/1/2 -/-/-/- 
DC16_B1_035 Aug-16 na R 91.39 77.17 88.93 75.2 4/4/3/1/2 Y/-/-/- 
DC16_B1_036 Aug-16 na L 89.35 67.93 80.73 69.1 4/3/2/3/3 -/-/-/- 
DC16_B1_037 Aug-16 na L 84.65 64.46 74.93 62.8 4/2/1/1/1 Y/-/-/- 
DC16_B1_038 Aug-16 na L 98.71 79.65 89.85 74.7 4/4/2/2/3 -/-/-/- 
DC16_B1_039 Aug-16 na R 85.41 67.65 79.71 70.2 4/3/2/2/2 Y/A/-/- 
DC16_B1_040 Aug-16 na R 92.01 75.96 86.33 64.7 4/3/2/1/3 Y/-/-/- 
DC16_B1_041 Aug-16 na R 94.57 79.25 90.44 103.9 4/4/3/2/3 -/-/-/- 
DC16_B1_042 Aug-16 na L 87.79 71.90 78.11 45.2 3/4/2/2/2 -/-/-/- 
DC16_B1_043 Aug-16 na L na 71.36 78.87 54.0 3/2/2/1/1 Y/Y/-/- 
DC16_B1_044 Aug-16 na R 71.63 61.23 69.71 30.6 4/4/3/3/3 -/-/-/- 
DC16_B1_045 Aug-16 na L 87.34 63.65 74.74 44.4 3/4/2/3/2 -/-/-/- 
DC16_B1_046 Aug-16 na L 82.06 66.64 75.34 50.1 3/4/3/3/2 -/-/-/- 
DC16_B1_047 Aug-16 na L 88.26 71.14 80.17 69.6 3/4/3/2/2 -/-/-/- 
DC16_B1_048 Aug-16 na L 88.41 69.79 80.13 59.5 3/4/2/2/2 -/-/-/- 
DC16_B1_049 Aug-16 na L 103.56 82.15 96.36 82.5 4/4/2/2/3 Y/A/-/- 
DC16_B1_050 Aug-16 na Art 93.06 73.97 83.36 63.0 5/4/1/2/2 Y/-/-/- 
DC16_B1_051 Aug-16 na R 99.81 88.74 96.01 61.5 5/4/2/2/3 -/-/-/- 
DC16_B1_052 Aug-16 na L 81.67 67.02 73.86 56.6 3/3/2/3/3 -/-/-/- 
DC16_B1_053 Aug-16 na L 89.54 73.14 83.69 78.0 4/4/2/2/2 Y/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC16_B1_054 Aug-16 na L 77.59 65.72 72.44 37.4 3/3/2/2/2 -/-/-/- 
DC16_B1_055 Aug-16 na L 82.21 59.97 74.65 53.5 4/3/2/2/2 Y/-/-/- 
DC16_B1_056 Aug-16 na L 85.33 69.07 77.23 55.3 3/4/3/3/3 -/-/-/- 
DC16_B1_057 Aug-16 na R 85.02 69.88 81.79 62.5 3/3/2/2/3 -/-/-/- 
DC16_B1_058 Aug-16 na L 84.64 70.75 79.75 49.4 3/3/2/3/3 -/-/-/- 
DC16_B1_059 Aug-16 na L 95.37 77.87 86.89 78.6 5/4/2/2/3 Y/A/-/- 
DC16_B1_060 Aug-16 na L na 73.58 82.33 na 4/4/2/1/3 Y/A/-/- 
DC16_B1_061 Aug-16 na R 79.27 63.52 70.84 43.5 3/3/3/2/2 Y/Y/-/- 
DC16_B1_062 Aug-16 na R 100.87 81.28 93.45 76.3 4/4/3/2/3 Y/A/-/- 
DC16_B1_063 Aug-16 na R 88.80 75.47 79.84 66.8 4/4/1/3/2 -/-/-/- 
DC16_B1_064 Aug-16 na R 85.19 78.19 83.54 73.9 3/2/1/2/2 Y/-/-/- 
DC16_B1_065 Aug-16 na L 84.03 69.82 79.13 47.3 2/1/3/2/2 -/-/-/- 
DC16_B1_066 Aug-16 na R 86.95 73.22 83.08 44.5 3/1/1/2/1 -/-/-/- 
DC16_B1_067 Aug-16 na R 90.80 75.24 83.14 55.6 3/2/2/1/1 -/-/-/- 
DC16_B1_068 Aug-16 na L 107.95 91.61 101.67 86.7 5/4/2/3/3 -/-/-/- 
DC16_B1_069 Aug-16 na L 79.49 64.89 73.12 73.0 4/4/2/1/1 Y/-/-/- 
DC16_B1_070 Aug-16 na L 78.99 67.49 75.57 45.9 3/3/3/2/3 -/-/-/- 
DC16_B1_071 Aug-16 na R 95.29 79.15 87.75 96.1 3/4/3/1/2 Y/-/-/- 
DC16_B1_072 Aug-16 na Art 88.59 75.64 84.28 55.9 3/2/3/3/2 -/-/-/- 
DC16_B1_073 Aug-16 na Art 88.60 71.33 80.94 57.8 4/2/2/2/1 -/-/-/- 
DC16_B1_074 Aug-16 na Art 87.18 73.07 81.61 65.1 4/2/3/3/2 Y/-/-/- 
DC16_B1_075 Aug-16 na Art 88.40 75.15 81.03 54.1 4/1/2/2/2 -/-/-/- 
DC16_B1_076 Aug-16 na Art 84.10 69.80 80.31 49.4 3/1/1/2/1 -/-/-/- 
DC16_B1_077 Aug-16 na Art 82.12 64.38 76.69 61.8 4/1/2/2/2 Y/-/-/- 
DC16_B1_078 Aug-16 na Art 86.10 73.86 80.94 56.3 4/2/2/2/2 -/-/-/- 
DC16_B1_079 Aug-16 na Art 83.15 67.20 75.81 55.4 4/1/2/2/3 -/-/-/- 
DC17_B1_001 May-17 na -/-/-/- 
DC17_B1_002 May-17 na -/-/-/- 
DC17_B1_003 May-17 na -/-/-/- 
DC17_B1_004 May-17 na -/-/-/- 
DC17_B1_005 May-17 na -/-/-/- 
DC17_B1_006 May-17 na -/-/-/- 
DC17_B1_007 May-17 na -/-/-/- 
DC17_B1_008 May-17 na -/-/-/- 
DC17_B1_009 May-17 na -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DC17_B1_010 May-17 na -/-/-/- 
DC17_B1_011 May-17 na -/-/-/- 
DC17_B1_012 May-17 na -/-/-/- 
DC17_B1_013 Aug-17 na -/-/-/- 
DC17_B1_014 Aug-17 na -/-/-/- 
DC17_B1_015 Aug-17 na -/-/-/- 
DC17_B1_016 Aug-17 na -/-/-/- 
DC17_B1_017 Aug-17 na -/-/-/- 
DC17_B1_018 Aug-17 na -/-/-/- 
DC17_B1_019 Aug-17 na -/-/-/- 
DC17_B1_020 Aug-17 na -/-/-/- 
DC17_B1_021 Aug-17 na -/-/-/- 
DC17_B1_022 Aug-17 na -/-/-/- 
DC17_B1_023 Aug-17 na -/-/-/- 
DC17_B1_024 Aug-17 na -/-/-/- 
DC17_B1_025 Aug-17 na -/-/-/- 
DC17_B1_026 Aug-17 na -/-/-/- 
DC17_B1_027 Aug-17 na -/-/-/- 
DC17_B1_028 Aug-17 na -/-/-/- 
DC17_B1_029 Aug-17 na -/-/-/- 
DCING14_001 2014 -/-/-/- 
DCING14_002 2014 -/-/-/- 
DCING14_003 2014 -/-/-/- 
DCING14_004 2014 -/-/-/- 
DCING14_005 2014 -/-/-/- 
DCING14_006 2014 -/-/-/- 
DCING14_007 2014 -/-/-/- 
DCING14_008 2014 -/-/-/- 
DCING14_009 2014 -/-/-/- 
DCING14_010 2014 -/-/-/- 
DCING14_011 2014 -/-/-/- 
DCING14_012 2014 -/-/-/- 
DCING14_013 2014 -/-/-/- 
DCING14_014 2014 -/-/-/- 
DCING14_015 2014 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_016 2014 -/-/-/- 
DCING14_017 2014 -/-/-/- 
DCING14_018 2014 -/-/-/- 
DCING14_019 2014 -/-/-/- 
DCING14_020 2014 74-94 Fath Art 52.82 45.37 47.62 7.6 2/2/1/1/1 -/-/-/- 
DCING14_021 2014 74-94 Fath Art 56.91 47.27 54.64 8.3 5/4/2/2/3 -/-/-/- 
DCING14_022 2014 31 Fath L 73.60 59.19 67.22 17.9 5/4/2/2/3 -/-/-/- 
DCING14_023 2014 31 Fath L 66.86 52.95 62.15 14.7 5/4/2/2/2 -/-/-/- 
DCING14_024 2014 31 Fath L 68.41 57.61 65.41 16.9 5/4/2/3/3 -/-/-/- 
DCING14_025 2014 31 Fath R 68.56 54.69 63.07 18.1 3/3/2/2/1 -/-/-/- 
DCING14_026 2014 31 Fath L 72.91 56.93 67.89 23.0 5/4/2/3/3 -/-/-/- 
DCING14_027 2014 31 Fath L na na na na 5/4/2/3/2 -/-/-/- 
DCING14_028 2014 31 Fath R 65.71 53.66 60.68 17.0 4/4/3/2/2 -/-/-/- 
DCING14_029 2014 31 Fath R 58.82 48.11 54.91 9.7 5/4/1/2/3 -/-/-/- 
DCING14_030 2014 31 Fath R 50.96 41.31 47.94 8.1 3/3/2/1/1 -/-/-/- 
DCING14_031 2014 31 Fath L 47.99 40.79 45.09 5.4 4/4/2/1/3 -/-/-/- 
DCING14_032 2014 31 Fath L 48.85 40.19 45.22 5.7 4/4/2/2/3 -/-/-/- 
DCING14_033 2014 31 Fath L 56.36 45.33 52.48 8.7 5/4/2/3/2 -/-/-/- 
DCING14_034 2014 31 Fath L 42.77 36.00 39.25 4.0 4/4/2/1/2 -/-/-/- 
DCING14_035 2014 31 Fath R 68.50 58.10 63.65 15.6 5/4/3/4/3 -/-/-/- 
DCING14_036 2014 31 Fath L 53.11 45.08 50.16 7.2 5/4/2/3/3 -/-/-/- 
DCING14_037 2014 31 Fath L 83.78 70.31 80.34 42.1 5/3/2/3/1 -/-/-/- 
DCING14_038 2014 31 Fath R 32.63 26.99 na 2.0 5/4/4/3/3 -/-/-/- 
DCING14_039 2014 31 Fath R 36.87 31.88 34.13 2.5 5/4/2/4/3 -/-/-/- 
DCING14_040 2014 31 Fath R 51.73 41.70 48.71 8.7 4/4/2/1/3 -/-/-/- 
DCING14_041 2014 31 Fath R 77.08 65.30 72.80 28.4 5/3/3/4/3 -/-/-/- 
DCING14_042 2014 31 Fath L 52.74 43.70 48.14 6.7 5/4/3/3/3 -/-/-/- 
DCING14_043 2014 31 Fath R 49.15 40.01 45.55 6.8 4/4/2/1/1 -/-/-/- 
DCING14_044 2014 31 Fath L 52.77 44.84 50.00 9.0 3/4/2/1/1 -/-/-/- 
DCING14_045 2014 31 Fath R 46.05 39.40 43.40 5.3 1/4/2/1/1 -/-/-/- 
DCING14_046 2014 31 Fath L 42.55 35.54 39.55 4.1 5/4/3/2/2 -/-/-/- 
DCING14_047 2014 31 Fath L 39.46 32.62 36.64 2.9 4/4/2/2/3 -/-/-/- 
DCING14_048 2014 31 Fath L 58.58 48.84 54.59 11.5 4/4/2/4/3 -/-/-/- 
DCING14_049 2014 31 Fath L 47.80 42.68 46.72 6.8 4/4/2/2/1 -/-/-/- 
DCING14_050 2014 31 Fath L 33.53 28.73 30.45 2.1 5/4/2/2/2 -/-/-/- 
 
 
 
234 
Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_051 2014 31 Fath L 60.34 50.80 57.21 10.8 4/3/2/1/1 -/-/-/- 
DCING14_052 2014 31 Fath R 70.30 58.30 65.31 18.9 5/4/2/3/3 -/-/-/- 
DCING14_053 2014 31 Fath L 70.79 57.51 19.90 2.0 5/3/3/2/3 -/-/-/- 
DCING14_054 2014 31 Fath R 60.97 50.06 57.27 13.2 3/4/3/1/1 -/-/-/- 
DCING14_055 2014 83-89 Fath L 37.92 32.54 35.31 2.4 5/4/3/2/3 -/-/-/- 
DCING14_056 2014 83-89 Fath L 45.29 38.52 43.13 4.9 2/3/2/1/1 -/-/-/- 
DCING14_057 2014 83-89 Fath L 57.60 50.39 53.72 10.4 2/4/1/2/2 -/-/-/- 
DCING14_058 2014 83-89 Fath R 64.07 54.26 62.58 16.6 4/4/2/4/3 -/-/-/- 
DCING14_059 2014 83-89 Fath R 59.01 52.61 57.86 10.6 4/4/1/2/1 -/-/-/- 
DCING14_060 2014 83-89 Fath L 40.37 33.19 36.90 3.4 2/4/2/1/2 -/-/-/- 
DCING14_061 2014 83-89 Fath R na na na na 5/4/4/3/3 -/-/-/- 
DCING14_062 2014 R 53.13 45.70 49.61 6.7 3/4/3/2/1 -/-/-/- 
DCING14_063 2014 R 69.88 59.69 67.02 19.7 5/4/2/3/3 -/-/-/- 
DCING14_064 2014 R 49.92 43.22 47.05 5.8 3/3/4/3/3 -/-/-/- 
DCING14_065 2014 R 68.20 60.12 66.61 20.9 5/4/2/3/3 -/-/-/- 
DCING14_066 2014 R na 61.13 68.59 24.5 5/4/4/4/3 -/-/-/- 
DCING14_067 2014 R 59.13 50.27 55.72 7.4 5/4/3/3/3 -/-/-/- 
DCING14_068 2014 R 60.76 51.34 56.35 11.7 4/4/2/2/2 -/-/-/- 
DCING14_069 2014 L 74.87 62.34 68.74 26.4 5/4/2/3/1 -/-/-/- 
DCING14_070 2014 L na 68.79 78.87 27.3 5/4/4/3/1 -/-/-/- 
DCING14_071 2014 L 73.68 64.80 73.11 29.9 5/4/2/3/2 -/-/-/- 
DCING14_072 2014 L 69.69 59.06 67.67 20.1 4/4/2/3/3 -/-/-/- 
DCING14_073 2014 Art 56.82 47.18 52.71 8.9 4/4/1/1/1 -/-/-/- 
DCING14_074 2014 81-97 Fath L 32.40 27.60 29.50 2.3 1/4/1/1/1 -/-/-/- 
DCING14_075 2014 81-97 Fath L 57.39 46.46 54.05 9.9 2/4/2/1/1 -/-/-/- 
DCING14_076 2014 81-97 Fath L 51.81 43.12 45.51 5.0 5/4/1/2/2 -/-/-/- 
DCING14_077 2014 81-97 Fath L 55.56 46.36 49.83 7.4 5/4/2/2/2 -/-/-/- 
DCING14_078 2014 81-97 Fath R 62.44 52.57 60.54 9.4 5/4/3/3/3 -/-/-/- 
DCING14_079 2014 81-97 Fath R 44.75 37.66 43.14 4.9 1/4/1/1/1 -/-/-/- 
DCING14_080 2014 81-97 Fath L 58.19 47.96 54.90 7.9 4/4/2/2/1 -/-/-/- 
DCING14_081 2014 81-97 Fath R 56.09 46.11 51.30 8.0 5/4/2/3/3 -/-/-/- 
DCING14_082 2014 81-97 Fath R 45.07 39.28 41.35 4.6 3/4/1/1/1 -/-/-/- 
DCING14_083 2014 81-97 Fath R 42.31 34.37 38.19 4.1 3/4/3/2/1 -/-/-/- 
DCING14_084 2014 81-97 Fath L 43.96 37.37 40.47 4.6 4/4/1/3/1 -/-/-/- 
DCING14_085 2014 81-97 Fath R 62.58 51.49 56.40 13.0 2/3/1/2/1 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_086 2014 81-97 Fath R na na na na 5/4/4/4/na -/-/-/- 
DCING14_087 2014 81-97 Fath L 42.98 36.16 39.54 3.1 4/4/2/2/3 -/-/-/- 
DCING14_088 2014 81-97 Fath R na 47.36 51.29 6.8 2/4/4/1/2 -/-/-/- 
DCING14_089 2014 81-97 Fath L 45.54 37.65 41.26 3.9 4/4/2/3/2 -/-/-/- 
DCING14_090 2014 81-97 Fath L 53.43 45.95 49.99 7.4 5/4/2/2/2 -/-/-/- 
DCING14_091 2014 81-97 Fath R 57.64 47.42 52.46 10.1 2/4/2/1/1 -/-/-/- 
DCING14_092 2014 81-97 Fath R 61.96 52.90 58.12 9.8 5/4/3/4/3 -/-/-/- 
DCING14_093 2014 81-97 Fath R na 42.19 45.13 4.1 5/4/4/3/3 -/-/-/- 
DCING14_094 2014 81-97 Fath R 32.57 27.52 29.85 2.4 1/4/1/1/1 -/-/-/- 
DCING14_095 2014 81-97 Fath R 40.75 33.80 36.63 3.4 2/4/2/1/2 -/-/-/- 
DCING14_096 2014 81-97 Fath L 62.27 51.78 57.01 12.4 1/2/1/1/1 -/-/-/- 
DCING14_097 2014 81-97 Fath L 65.83 55.35 63.01 16.4 1/3/2/1/1 -/-/-/- 
DCING14_098 2014 81-97 Fath R 83.04 71.15 80.82 49.0 5/4/2/3/3 -/-/-/- 
DCING14_099 2014 81-97 Fath L 52.35 43.85 48.85 8.0 2/4/2/1/1 -/-/-/- 
DCING14_100 2014 81-97 Fath L 57.38 46.54 52.50 9.7 3/4/1/1/1 -/-/-/- 
DCING14_101 2014 81-97 Fath R 49.75 40.82 45.35 5.3 1/4/1/1/1 -/-/-/- 
DCING14_102 2014 81-97 Fath R na 39.58 na 4.1 4/4/4/3/3 -/-/-/- 
DCING14_103 2014 81-97 Fath L 70.00 57.28 61.49 17.5 5/4/4/2/2 -/-/-/- 
DCING14_104 2014 81-97 Fath R 58.04 46.59 53.76 10.3 1/4/1/2/1 -/-/-/- 
DCING14_105 2014 81-97 Fath L 50.00 40.82 45.19 5.2 1/4/1/2/1 -/-/-/- 
DCING14_106 2014 81-97 Fath L 46.96 41.23 45.75 4.5 5/4/2/3/3 -/-/-/- 
DCING14_107 2014 81-97 Fath R 55.52 47.31 51.10 7.4 3/4/2/2/1 -/-/-/- 
DCING14_108 2014 81-97 Fath R na na na na 1/3/4/1/1 -/-/-/- 
DCING14_109 2014 81-97 Fath L 61.49 54.18 57.91 12.5 4/4/1/1/1 -/-/-/- 
DCING14_110 2014 81-97 Fath Art 61.43 52.43 58.54 14.2 2/4/2/1/1 -/-/-/- 
DCING14_111 2014 80-96 Fath R 52.40 43.64 48.83 8.2 3/4/1/2/1 -/-/-/- 
DCING14_112 2014 80-96 Fath L 55.15 46.89 51.46 9.6 4/4/1/2/2 -/-/-/- 
DCING14_113 2014 80-96 Fath Art 58.20 49.42 53.88 10.2 4/4/1/2/1 -/-/-/- 
DCING14_114 2014 80-96 Fath Art 57.24 45.90 53.71 7.7 3/4/1/1/1 -/-/-/- 
DCING14_115 2014 80-96 Fath R 72.64 58.49 67.12 23.5 2/4/2/1/1 -/-/-/- 
DCING14_116 2014 80-96 Fath L 60.70 48.19 54.66 13.5 2/4/1/2/1 -/-/-/- 
DCING14_117 2014 80-96 Fath R 82.74 65.84 75.16 32.8 2/4/1/2/1 -/-/-/- 
DCING14_118 2014 80-96 Fath R 56.27 47.46 52.82 8.3 4/4/2/2/3 -/-/-/- 
DCING14_119 2014 80-96 Fath L 74.34 61.33 72.03 19.1 5/4/3/3/3 -/-/-/- 
DCING14_120 2014 80-96 Fath L 54.01 45.43 50.49 6.8 5/4/3/3/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_121 2014 80-96 Fath L 81.96 66.18 75.56 33.3 3/3/3/2/1 -/-/-/- 
DCING14_122 2014 80-96 Fath L 74.05 61.59 67.94 26.5 5/4/3/1/1 -/-/-/- 
DCING14_123 2014 80-96 Fath L 49.94 40.92 44.78 6.2 4/4/2/3/3 -/-/-/- 
DCING14_124 2014 80-96 Fath R 57.31 48.21 54.13 7.6 5/4/3/3/3 -/-/-/- 
DCING14_125 2014 80-96 Fath R 55.50 47.69 53.19 8.9 2/4/2/1/1 -/-/-/- 
DCING14_126 2014 80-96 Fath R 50.92 42.20 46.40 6.3 3/4/2/2/2 -/-/-/- 
DCING14_127 2014 80-96 Fath L 55.57 45.12 49.27 6.3 5/4/2/4/2 -/-/-/- 
DCING14_128 2014 80-96 Fath R 62.72 52.36 59.82 15.7 4/4/2/2/3 -/-/-/- 
DCING14_129 2014 80-96 Fath R 60.03 50.40 56.75 8.6 5/4/3/3/1 -/-/-/- 
DCING14_130 2014 80-96 Fath R 65.07 54.12 63.08 16.7 3/3/2/2/1 -/-/-/- 
DCING14_131 2014 80-96 Fath R 54.74 46.59 51.36 8.9 2/4/1/1/2 -/-/-/- 
DCING14_132 2014 80-96 Fath L 47.87 39.78 44.95 5.1 5/4/1/2/3 -/-/-/- 
DCING14_133 2014 80-96 Fath L 66.12 53.95 60.04 16.6 1/3/1/2/1 -/-/-/- 
DCING14_134 2014 80-96 Fath L 60.32 50.27 56.35 9.2 5/4/2/3/3 -/-/-/- 
DCING14_135 2014 80-96 Fath L 60.20 48.54 54.63 11.5 5/4/1/3/3 -/-/-/- 
DCING14_136 2014 80-96 Fath L 69.59 52.16 63.54 19.4 5/4/2/3/3 -/-/-/- 
DCING14_137 2014 80-96 Fath R 65.92 53.39 59.68 16.0 1/3/2/1/1 -/-/-/- 
DCING14_138 2014 80-96 Fath R 52.37 44.58 50.49 7.3 3/4/1/2/1 -/-/-/- 
DCING14_139 2014 80-96 Fath R 60.48 50.63 55.97 9.9 5/4/2/4/3 -/-/-/- 
DCING14_140 2014 80-96 Fath L 63.28 51.49 57.69 11.2 5/4/2/3/2 -/-/-/- 
DCING14_141 2014 80-96 Fath R 69.79 61.55 68.25 26.2 2/3/2/1/1 -/-/-/- 
DCING14_142 2014 80-96 Fath R 71.46 59.43 66.71 15.1 5/4/2/4/3 -/-/-/- 
DCING14_143 2014 80-96 Fath L 59.30 47.73 54.70 11.0 1/1/2/4/1 -/-/-/- 
DCING14_144 2014 80-96 Fath L 65.91 54.05 62.76 16.8 2/3/2/1/1 -/-/-/- 
DCING14_145 2014 80-96 Fath L 57.26 49.04 54.16 8.1 5/4/2/4/3 -/-/-/- 
DCING14_146 2014 80-96 Fath L 50.98 42.82 47.36 5.8 4/4/2/3/3 -/-/-/- 
DCING14_147 2014 80-96 Fath L 54.65 46.05 52.13 9.1 3/4/2/1/2 -/-/-/- 
DCING14_148 2014 80-96 Fath L 58.33 48.19 53.85 8.2 3/4/2/2/2 -/-/-/- 
DCING14_149 2014 80-96 Fath L 55.42 47.49 53.00 9.2 2/4/2/2/1 -/-/-/- 
DCING14_150 2014 80-96 Fath L na 60.70 70.74 18.2 5/4/3/4/3 -/-/-/- 
DCING14_151 2014 80-96 Fath L 56.84 50.01 53.55 8.4 5/4/2/4/2 -/-/-/- 
DCING14_152 2014 80-96 Fath L 69.71 60.00 68.84 25.8 2/4/2/1/1 -/-/-/- 
DCING14_153 2014 80-96 Fath R 60.33 48.16 54.45 13.8 1/3/1/1/1 -/-/-/- 
DCING14_154 2014 80-96 Fath L 53.64 44.69 49.46 5.0 5/4/1/4/3 -/-/-/- 
DCING14_155 2014 80-96 Fath L 34.32 29.00 30.72 2.7 4/4/3/3/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_156 2014 80-96 Fath L 52.20 43.05 48.07 5.1 5/4/1/3/3 -/-/-/- 
DCING14_157 2014 80-96 Fath L 57.56 48.27 54.62 8.0 5/4/2/4/3 -/-/-/- 
DCING14_158 2014 80-96 Fath L 47.91 40.29 44.84 5.4 1/4/1/1/1 -/-/-/- 
DCING14_159 2014 80-96 Fath R 59.02 48.31 55.02 11.8 1/4/1/1/1 -/-/-/- 
DCING14_160 2014 80-96 Fath R 53.32 45.07 49.99 8.3 1/4/1/1/1 -/-/-/- 
DCING14_161 2014 80-96 Fath L 68.89 56.87 63.40 16.1 3/4/2/3/2 -/-/-/- 
DCING14_162 2014 80-96 Fath R 44.22 35.69 39.84 3.5 5/4/2/3/3 -/-/-/- 
DCING14_163 2014 92-102 Fath R 76.91 63.96 73.33 37.0 4/4/2/4/3 -/-/-/- 
DCING14_164 2014 92-102 Fath R 65.95 53.81 61.19 12.7 4/4/2/2/2 -/-/-/- 
DCING14_165 2014 92-102 Fath R 44.75 37.23 40.88 3.8 3/4/1/2/1 -/-/-/- 
DCING14_166 2014 92-102 Fath L 48.87 41.17 46.87 7.7 3/4/1/1/2 -/-/-/- 
DCING14_167 2014 92-102 Fath R 63.97 55.40 61.56 15.1 4/4/2/3/3 -/-/-/- 
DCING14_168 2014 92-102 Fath R 55.86 47.18 52.99 8.9 4/4/2/3/3 -/-/-/- 
DCING14_169 2014 92-102 Fath L 78.56 64.57 75.88 40.8 5/4/3/3/3 -/-/-/- 
DCING14_170 2014 92-102 Fath R 62.50 51.68 59.35 14.0 3/4/2/3/2 -/-/-/- 
DCING14_171 2014 92-102 Fath L 54.50 46.23 51.03 7.6 4/4/2/1/1 -/-/-/- 
DCING14_172 2014 92-102 Fath L 62.43 51.95 58.56 11.2 4/4/2/2/2 -/-/-/- 
DCING14_173 2014 92-102 Fath R 68.48 55.58 64.92 19.8 5/4/4/4/3 -/-/-/- 
DCING14_174 2014 92-102 Fath L 56.25 49.11 54.05 8.6 3/4/2/1/1 -/-/-/- 
DCING14_175 2014 92-102 Fath L 62.41 51.66 58.42 13.2 3/4/1/3/2 -/-/-/- 
DCING14_176 2014 92-102 Fath R 86.14 71.72 82.56 49.0 4/4/3/4/3 -/-/-/- 
DCING14_177 2014 92-102 Fath R 73.67 57.47 66.05 22.4 4/4/2/2/1 -/-/-/- 
DCING14_178 2014 92-102 Fath R 47.71 39.49 43.73 4.5 3/4/2/1/2 -/-/-/- 
DCING14_179 2014 92-102 Fath L 77.38 60.72 71.35 23.5 4/4/2/5/3 -/-/-/- 
DCING14_180 2014 92-102 Fath R 57.10 46.18 50.49 9.1 4/4/2/3/2 -/-/-/- 
DCING14_181 2014 92-102 Fath L 71.40 60.33 68.55 23.4 5/4/2/4/3 -/-/-/- 
DCING14_182 2014 92-102 Fath L 56.10 45.18 52.02 7.9 4/4/2/2/2 -/-/-/- 
DCING14_183 2014 92-102 Fath Art na na na na 3/1/na/1/na -/-/-/- 
DCING14_184 2014 92-102 Fath L 42.97 34.68 39.50 2.7 4/4/3/3/3 -/-/-/- 
DCING14_185 2014 92-102 Fath R 65.33 55.89 62.19 16.7 5/4/2/4/3 -/-/-/- 
DCING14_186 2014 92-102 Fath R 76.90 61.39 70.45 25.5 5/4/2/4/3 -/-/-/- 
DCING14_187 2014 92-102 Fath R 74.42 58.92 69.59 25.5 5/4/2/4/3 -/-/-/- 
DCING14_188 2014 92-102 Fath L 44.31 35.92 39.60 3.4 3/4/1/2/2 -/-/-/- 
DCING14_189 2014 84 Fath L 66.21 55.62 61.17 16.4 1/3/1/2/1 -/-/-/- 
DCING14_190 2014 84 Fath L 57.40 48.63 54.10 9.7 4/4/2/3/2 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_191 2014 84 Fath R 53.20 45.89 50.27 6.7 4/4/3/2/3 -/-/-/- 
DCING14_192 2014 84 Fath R 57.55 49.25 54.03 9.3 2/4/1/1/1 -/-/-/- 
DCING14_193 2014 60-72 Fath L 49.28 42.41 44.61 6.5 5/4/2/4/3 -/-/-/- 
DCING14_194 2014 60-72 Fath R 42.24 35.19 37.34 4.8 4/4/2/4/3 -/-/-/- 
DCING14_195 2014 60-72 Fath R 35.79 29.50 32.92 2.9 5/5/3/4/3 -/-/-/- 
DCING14_196 2014 60-72 Fath R 36.82 30.88 33.33 3.9 3/4/2/2/2 -/-/-/- 
DCING14_197 2014 60-72 Fath R 76.15 62.06 68.58 20.3 5/4/2/4/2 -/-/-/- 
DCING14_198 2014 60-72 Fath R 73.86 57.81 64.69 26.3 5/4/3/4/3 -/-/-/- 
DCING14_199 2014 60-72 Fath L 85.34 68.15 81.36 44.9 5/4/1/3/2 -/-/-/- 
DCING14_200 2014 60-72 Fath R 73.78 63.24 71.79 23.9 4/4/1/3/3 -/-/-/- 
DCING14_201 2014 89-98 Fath R 51.61 43.56 47.77 7.2 3/3/1/2/1 -/-/-/- 
DCING14_202 2014 89-98 Fath L 43.74 36.38 39.83 3.9 3/3/1/1/1 -/-/-/- 
DCING14_203 2014 89-98 Fath L 46.61 37.99 43.25 4.9 3/4/3/3/2 -/-/-/- 
DCING14_204 2014 89-98 Fath R 49.49 42.00 45.65 6.6 4/4/4/2/2 -/-/-/- 
DCING14_205 2014 89-98 Fath Art 58.38 50.42 56.16 11.0 2/4/3/2/1 -/-/-/- 
DCING14_206 2014 89-98 Fath L 48.86 41.82 45.24 8.0 4/4/3/2/2 -/-/-/- 
DCING14_207 2014 60-80 Fath R 54.92 47.56 51.48 9.4 2/4/1/2/1 -/-/-/- 
DCING14_208 2014 60-80 Fath L 25.93 22.31 24.00 1.2 3/4/1/1/1 -/-/-/- 
DCING14_209 2014 60-80 Fath L 27.35 21.96 24.32 1.4 3/4/2/2/1 -/-/-/- 
DCING14_210 2014 60-80 Fath L 31.04 25.83 28.54 2.1 3/4/2/1/1 -/-/-/- 
DCING14_211 2014 60-80 Fath L 26.25 20.95 22.10 1.0 3/4/1/2/1 -/-/-/- 
DCING14_212 2014 60-80 Fath L 32.79 27.07 29.23 2.0 3/4/2/2/3 -/-/-/- 
DCING14_213 2014 60-80 Fath R 20.98 17.77 19.29 0.6 3/4/1/1/2 -/-/-/- 
DCING14_214 2014 60-80 Fath L 56.50 45.43 52.04 9.4 5/4/2/3/3 -/-/-/- 
DCING14_215 2014 60-80 Fath R 62.58 51.11 59.22 10.8 5/4/2/4/2 -/-/-/- 
DCING14_216 2014 60-80 Fath R 38.34 32.13 34.49 3.2 5/4/2/1/3 -/-/-/- 
DCING14_217 2014 60-80 Fath R 29.80 23.88 25.51 1.8 4/4/2/3/2 -/-/-/- 
DCING14_218 2014 60-80 Fath R 23.42 19.06 21.15 0.8 4/4/1/2/3 -/-/-/- 
DCING14_219 2014 60-80 Fath R 46.02 36.00 40.12 4.8 5/4/2/4/3 -/-/-/- 
DCING14_220 2014 92-102 Fath Art 70.30 56.15 65.98 23.7 5/3/1/4/2 -/-/-/- 
DCING14_221 2014 92-102 Fath Art 60.18 50.62 55.88 10.9 5/4/4/4/3 -/-/-/- 
DCING14_222 2014 92-102 Fath Art 73.03 60.21 66.34 20.0 2/3/1/1/1 -/-/-/- 
DCING14_223 2014 92-102 Fath Art 67.21 53.36 63.17 16.8 3/4/1/2/2 -/-/-/- 
DCING14_224 2014 92-102 Fath Art 78.26 65.15 78.13 33.4 4/4/2/2/2 -/-/-/- 
DCING14_225 2014 92-102 Fath R 61.76 52.54 58.70 14.4 1/3/1/1/1 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING15_001 Jun-15 90 Fathoms R 72.39 55.06 66.39 24.7 5/4/2/1/2 -/-/-/- 
DCING15_002 Jun-15 90 Fathoms L 67.91 na na 18.8 3/na/1/1/1 -/-/-/- 
DCING15_003 Jun-15 90 Fathoms R 55.67 45.45 52.02 9.1 5/4/1/1/1 -/-/-/- 
DCING15_004 Jun-15 90 Fathoms R 38.87 32.44 36.69 2.5 5/4/3/1/3 -/-/-/- 
DCING15_005 Jun-15 90 Fathoms L 68.36 54.48 61.51 16.0 5/4/1/2/3 -/-/-/- 
DCING15_006 Jun-15 90 Fathoms L 58.49 49.18 54.42 8.7 5/4/1/1/3 -/-/-/- 
DCING15_007 Jun-15 90 Fathoms L 70.58 58.62 69.61 24.1 5/4/1/1/2 -/-/-/- 
DCING15_008 Jun-15 90 Fathoms L 67.96 57.50 64.16 19.3 5/3/1/2/3 -/-/-/- 
DCING15_009 Jun-15 90 Fathoms R 54.46 43.17 49.54 7.4 4/3/1/1/1 -/-/-/- 
DCING15_010 Jun-15 90 Fathoms R 62.34 51.37 59.21 13.1 5/4/1/1/2 -/-/-/- 
DCING15_011 Jun-15 90 Fathoms R 61.65 53.11 58.97 11.4 5/4/2/2/3 -/-/-/- 
DCING15_012 Jun-15 90 Fathoms R 58.93 46.23 54.86 9.4 5/4/1/2/3 -/-/-/- 
DCING15_013 Jun-15 90 Fathoms R 62.92 49.59 58.47 11.9 5/4/1/1/1 -/-/-/- 
DCING15_014 Jun-15 90 Fathoms L 62.44 51.09 56.79 11.4 5/4/1/1/2 -/-/-/- 
DCING15_015 Jun-15 90 Fathoms R 42.74 35.52 38.54 2.8 5/4/1/1/3 -/-/-/- 
DCING15_016 Jun-15 90 Fathoms R 37.63 33.93 34.27 3.0 5/4/1/1/2 -/-/-/- 
DCING15_017 Jun-15 90 Fathoms R 61.87 47.95 56.08 12.8 5/4/1/1/1 -/-/-/- 
DCING15_018 Jun-15 90 Fathoms R 65.84 53.01 60.00 13.3 5/4/1/1/1 -/-/-/- 
DCING15_019 Jun-15 90 Fathoms L 65.68 54.24 60.85 13.3 5/4/1/1/1 -/-/-/- 
DCING15_020 Jun-15 90 Fathoms R 69.53 59.51 67.18 19.0 5/4/1/2/3 -/-/-/- 
DCING15_021 Jun-15 90 Fathoms R 62.15 49.22 58.23 10.5 5/4/1/2/3 -/-/-/- 
DCING15_022 Jun-15 90 Fathoms L 60.69 53.11 55.01 10.3 5/4/4/3/3 -/-/-/- 
DCING15_023 Jun-15 90 Fathoms R 49.46 38.84 44.60 5.5 5/4/1/1/2 -/-/-/- 
DCING15_024 Jun-15 90 Fathoms L 65.42 52.98 61.19 13.1 5/4/1/1/2 -/-/-/- 
DCING15_025 Jun-15 90 Fathoms L 56.53 43.44 49.06 7.7 3/4/1/1/1 -/-/-/- 
DCING15_026 Jun-15 90 Fathoms R 43.02 33.53 38.30 3.8 4/4/1/1/1 -/-/-/- 
DCING15_027 Jun-15 90 Fathoms R 48.24 38.44 42.66 5.6 5/4/3/2/1 -/-/-/- 
DCING15_028 Jun-15 90 Fathoms R 70.22 58.77 66.47 16.8 5/4/1/2/3 -/-/-/- 
DCING15_029 Jun-15 90 Fathoms L na na na na 5/4/4/2/2 -/-/-/- 
DCING15_030 Jun-15 90 Fathoms R 57.81 49.10 55.26 9.2 4/3/1/1/3 -/-/-/- 
DCING15_031 Jun-15 90 Fathoms L 66.05 54.09 60.93 16.8 3/4/1/1/2 -/-/-/- 
DCING15_032 Jun-15 90 Fathoms L 73.43 56.34 68.51 20.5 5/4/1/1/3 -/-/-/- 
DCING15_033 Jun-15 90 Fathoms L 53.90 45.89 52.39 9.1 4/4/2/1/1 -/-/-/- 
DCING15_034 Jun-15 90 Fathoms R 63.33 49.06 57.99 11.2 5/4/1/2/3 -/-/-/- 
DCING15_035 Jun-15 90 Fathoms L 56.05 44.30 50.69 7.2 5/4/1/2/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING15_036 Jun-15 90 Fathoms R 70.58 58.91 69.19 24.8 5/4/1/1/2 -/-/-/- 
DCING15_037 Jun-15 90 Fathoms R 67.43 54.95 63.28 19.0 5/4/1/2/3 -/-/-/- 
DCING15_038 Jun-15 90 Fathoms R 71.52 59.01 67.91 21.2 5/4/1/2/2 -/-/-/- 
DCING15_039 Jun-15 90 Fathoms L 62.27 51.14 58.47 10.9 5/4/1/1/2 -/-/-/- 
DCING15_040 Jun-15 90 Fathoms L 74.40 60.33 70.38 21.6 5/4/1/2/3 -/-/-/- 
DCING15_041 Jun-15 90 Fathoms L 61.73 51.48 58.55 11.3 5/4/1/1/3 -/-/-/- 
DCING15_042 Jun-15 90 Fathoms L 27.45 19.24 23.83 1.2 5/4/2/1/1 -/-/-/- 
DCING15_043 Jun-15 90 Fathoms R 62.87 52.83 57.91 10.4 5/4/1/1/3 -/-/-/- 
DCING15_044 Jun-15 90 Fathoms R 68.85 53.87 61.20 13.0 5/4/1/2/3 -/-/-/- 
DCING15_045 Jun-15 78 fath R 67.58 55.36 63.38 16.9 5/4/2/2/3 -/-/-/- 
DCING15_046 Jun-15 78 fath L 47.73 42.19 46.47 5.5 5/4/2/1/2 -/-/-/- 
DCING15_047 Jun-15 78 fath R 49.72 41.23 46.28 5.6 5/4/2/2/2 -/-/-/- 
DCING15_048 Jun-15 78 fath L 53.53 42.83 48.48 7.6 5/4/2/2/2 -/-/-/- 
DCING15_049 Jun-15 78 fath L 59.79 51.18 57.04 8.8 5/4/1/3/1 -/-/-/- 
DCING15_050 Jun-15 77 fath L 57.97 48.77 54.87 10.6 5/4/2/1/1 -/-/-/- 
DCING15_051 Jun-15 77 fath L 63.25 53.26 58.93 14.2 5/4/1/1/2 -/-/-/- 
DCING15_052 Jun-15 77 fath L 68.27 56.35 64.21 19.2 5/4/1/2/3 -/-/-/- 
DCING15_053 Jun-15 77 fath R 73.80 62.43 69.57 20.2 5/4/2/1/2 -/-/-/- 
DCING15_054 Jun-15 77 fath R 60.29 50.93 56.94 13.3 5/4/1/1/1 -/-/-/- 
DCING15_055 Jun-15 77 fath R 61.01 49.90 56.54 11.0 5/4/1/1/2 -/-/-/- 
DCING15_056 Jun-15 77 fath L 61.06 52.08 59.47 13.4 5/4/1/2/2 -/-/-/- 
DCING15_057 Jun-15 77 fath R 66.35 57.31 64.05 15.1 5/4/1/1/2 -/-/-/- 
DCING15_058 Jun-15 77 fath R 70.59 59.74 66.66 16.4 5/4/1/2/1 -/-/-/- 
DCING15_059 Jun-15 77 fath R 73.09 60.27 68.20 22.5 5/4/1/3/3 -/-/-/- 
DCING15_060 Jun-15 77 fath L 76.48 61.93 72.14 26.2 5/4/1/3/3 -/-/-/- 
DCING15_061 Jun-15 77 fath L 75.03 62.62 71.94 25.4 5/4/2/2/3 -/-/-/- 
DCING15_062 Jun-15 77 fath R 64.29 53.82 61.46 13.7 5/4/1/1/3 -/-/-/- 
DCING15_063 Jun-15 77 fath R 60.75 51.84 58.28 8.9 5/4/1/2/3 -/-/-/- 
DCING15_064 Jun-15 77 fath R 67.10 54.30 63.59 15.5 5/4/1/1/3 -/-/-/- 
DCING15_065 Jun-15 77 fath R 52.18 43.69 48.49 6.1 5/4/2/1/2 -/-/-/- 
DCING15_066 Jun-15 77 fath L 70.24 61.00 66.86 18.0 5/4/2/1/3 -/-/-/- 
DCING15_067 Jun-15 77 fath R 77.63 69.57 76.84 26.4 5/4/3/3/3 -/-/-/- 
DCING15_068 Jun-15 77 fath R 48.68 40.41 45.84 6.6 5/4/2/1/1 -/-/-/- 
DCING15_069 Jun-15 77 fath L 34.22 28.13 30.30 2.1 1/1/1/1/1 -/-/-/- 
DCING15_070 Jun-15 75 fath L 56.36 46.35 52.67 6.8 5/4/2/1/3 -/-/-/- 
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Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING15_071 Jun-15 75 fath L 72.28 59.40 67.78 18.8 5/4/2/2/3 -/-/-/- 
DCING15_072 Jun-15 75 fath L 65.08 53.92 60.23 12.1 5/4/2/2/3 -/-/-/- 
DCING15_073 Jun-15 75 fath R 70.51 58.31 64.58 22.3 5/4/2/2/3 -/-/-/- 
DCING15_074 Jun-15 75 fath L 69.02 62.83 66.79 19.0 5/4/2/2/1 -/-/-/- 
DCING15_075 Jun-15 75 fath R 73.04 61.87 70.34 20.1 5/4/1/2/3 -/-/-/- 
DCING15_076 Jun-15 75 fath L 71.52 62.64 69.79 20.2 5/4/2/1/3 -/-/-/- 
DCING15_077 Jun-15 82 fath R 72.97 60.19 67.45 22.8 5/4/1/2/3 -/-/-/- 
DCING15_078 Jun-15 82 fath L 63.85 55.16 60.56 11.3 5/4/2/2/1 -/-/-/- 
DCING15_079 Jun-15 82 fath R 62.02 51.03 57.51 11.7 5/4/2/2/2 -/-/-/- 
DCING15_080 Jun-15 82 fath L 66.97 57.59 62.24 16.2 5/4/2/2/3 -/-/-/- 
DCING15_081 Jun-15 82 fath R 58.27 48.81 53.98 11.3 5/4/1/2/3 -/-/-/- 
DCING15_082 Jun-15 82 fath R 72.81 61.32 69.16 17.6 5/4/2/3/3 -/-/-/- 
DCING15_083 Jun-15 82 fath L 83.27 70.40 78.19 26.3 5/4/1/4/3 -/-/-/- 
DCING15_084 Jun-15 82 fath L 82.87 70.26 80.04 35.0 5/4/1/2/3 -/-/-/- 
DCING15_085 Jun-15 82 fath L 77.14 63.41 74.16 26.4 5/4/2/2/3 -/-/-/- 
DCING15_086 Jun-15 82 fath L 77.99 63.86 73.56 26.3 5/4/3/2/3 -/-/-/- 
DCING15_087 Jun-15 82 fath R 67.51 54.59 63.43 21.8 5/4/3/2/2 -/-/-/- 
DCING15_088 Jun-15 75 fath R 60.04 51.22 56.72 9.4 5/4/1/1/3 -/-/-/- 
DCING15_089 Jun-15 75 fath R 57.62 50.32 55.96 9.1 5/4/2/2/2 -/-/-/- 
DCING15_090 Jun-15 70-75 fath L 57.19 48.83 53.98 8.4 5/4/2/1/2 -/-/-/- 
DCING15_091 Jun-15 70-75 fath L 62.45 54.79 60.30 15.2 4/4/1/1/2 -/-/-/- 
DCING15_092 Jun-15 70-75 fath R 62.75 48.39 55.12 8.8 5/4/2/2/2 -/-/-/- 
DCING15_093 Jun-15 70-75 fath R 66.92 57.68 64.52 15.2 5/4/2/2/3 -/-/-/- 
DCING15_094 Jun-15 70-75 fath L 66.35 54.81 61.62 16.9 5/4/2/2/2 -/-/-/- 
DCING15_095 Jun-15 70-75 fath L 72.60 62.62 71.04 25.2 5/4/2/2/3 -/-/-/- 
DCING15_096 Jun-15 70-75 fath R 57.34 50.94 56.00 12.9 5/4/3/3/3 -/-/-/- 
DCING15_097 Jun-15 70-75 fath R 53.73 45.69 51.49 9.3 5/4/2/1/2 -/-/-/- 
DCING15_098 Jun-15 70-75 fath R 53.25 44.80 50.87 8.3 5/4/1/1/1 -/-/-/- 
DCING15_099 Jun-15 70-75 fath R 54.64 44.23 50.56 7.1 5/4/3/1/1 -/-/-/- 
DCING15_100 Jun-15 70-75 fath R 53.05 44.61 50.17 8.3 5/4/1/1/1 -/-/-/- 
DCING15_101 Jun-15 70-75 fath R 59.15 49.55 55.38 11.1 5/4/2/1/1 -/-/-/- 
DCING15_102 Jun-15 70-75 fath R 54.96 43.36 48.30 7.2 5/4/2/1/1 -/-/-/- 
DCING15_103 Jun-15 70-75 fath R 60.43 48.97 56.10 10.6 5/4/1/1/2 -/-/-/- 
DCING15_104 Jun-15 70-75 fath L 56.46 47.12 54.05 9.4 5/4/2/1/3 -/-/-/- 
DCING15_105 Jun-15 70-75 fath R 60.43 51.24 57.12 12.1 5/4/2/1/1 -/-/-/- 
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DCING15_106 Jun-15 70-75 fath L 46.35 40.26 42.56 4.7 5/4/1/1/2 -/-/-/- 
DCING15_107 Jun-15 70-75 fath R 51.30 42.13 47.38 5.6 5/4/2/2/1 -/-/-/- 
DCING15_108 Jun-15 70-75 fath L 60.47 52.22 58.74 18.0 5/4/1/2/2 -/-/-/- 
DCING15_109 Jun-15 70-75 fath L 55.16 45.91 50.61 7.1 5/4/1/1/1 -/-/-/- 
DCING15_110 Jun-15 70-75 fath R 58.24 47.75 54.18 9.5 5/4/1/1/2 -/-/-/- 
DCING15_111 Jun-15 70-75 fath L 65.80 55.93 64.29 19.1 5/4/1/2/3 -/-/-/- 
DCING16_001 Aug-16 63-80 fath R 58.17 50.46 56.22 12.5 5/4/2/2/3 -/-/-/- 
DCING16_002 Aug-16 63-80 fath R 48.93 44.96 47.52 5.4 5/4/2/3/3 -/-/-/- 
DCING16_003 Aug-16 63-80 fath R 57.08 51.13 56.76 11.7 5/4/2/3/3 -/-/-/- 
DCING16_004 Aug-16 63-80 fath L 41.77 36.31 39.17 5.0 5/4/1/2/3 -/-/-/- 
DCING16_005 Aug-16 63-80 fath Art 24.19 20.41 20.97 0.8 1/2/1/1/1 -/-/-/- 
DCING16_006 Aug-16 63-80 fath L 42.95 36.25 39.93 3.8 5/4/2/2/3 -/-/-/- 
DCING16_007 Aug-16 63-80 fath R 52.50 45.11 48.42 8.2 5/4/2/2/2 -/-/-/- 
DCING16_008 Aug-16 63-80 fath L 53.91 47.57 49.72 9.5 5/4/2/2/3 -/-/-/- 
DCING16_009 Aug-16 63-80 fath R 32.80 27.75 29.80 1.5 1/2/2/1/1 -/-/-/- 
DCING16_010 Aug-16 63-80 fath R 39.37 34.84 37.23 3.1 5/4/2/2/3 -/-/-/- 
DCING16_011 Aug-16 63-80 fath L 55.47 46.69 51.54 9.0 5/4/2/1/3 -/-/-/- 
DCING16_012 Aug-16 63-80 fath R 33.42 28.35 30.59 1.9 3/4/1/1/2 -/-/-/- 
DCING16_013 Aug-16 70-80 fath L broken 55.64 62.38 11.5 5/4/3/3/3 -/-/-/- 
DCING16_014 Aug-16 70-80 fath R 81.35 67.65 77.55 41.5 5/4/3/3/3 -/-/-/- 
DCING16_015 Aug-16 70-80 fath R 62.20 53.22 58.76 12.3 5/4/2/3/3 -/-/-/- 
DCING16_016 Aug-16 70-80 fath L 78.02 72.12 72.52 24.7 5/4/4/3/3 -/-/-/- 
DCING16_017 Aug-16 70-80 fath R 50.85 43.93 49.18 6.8 5/4/2/3/3 -/-/-/- 
DCING16_018 Aug-16 70-80 fath L 47.53 41.50 44.53 4.7 5/4/1/2/3 -/-/-/- 
DCING16_019 Aug-16 70-80 fath L 27.60 23.19 25.31 1.5 4/4/1/2/3 -/-/-/- 
DCING16_020 Aug-16 62-75 fath L 62.51 53.95 60.18 13.3 5/4/2/3/3 -/-/-/- 
DCING16_021 Aug-16 62-75 fath L 63.16 55.13 60.72 16.2 5/4/2/2/3 -/-/-/- 
DCING16_022 Aug-16 62-75 fath R 55.36 46.99 52.02 7.6 5/4/2/3/3 -/-/-/- 
DCING16_023 Aug-16 62-75 fath L 59.07 49.99 58.18 11.0 5/4/2/2/3 -/-/-/- 
DCING16_024 Aug-16 62-75 fath R 33.62 28.09 31.31 2.6 5/4/1/2/3 -/-/-/- 
DCING16_025 Aug-16 62-75 fath L 43.45 37.33 39.36 3.6 5/4/2/2/3 -/-/-/- 
DCING16_026 Aug-16 62-75 fath R 56.82 50.16 54.91 12.7 5/4/2/3/3 -/-/-/- 
DCING16_027 Aug-16 62-75 fath L 21.86 17.35 18.75 0.3 4/4/1/1/3 -/-/-/- 
DCING16_028 Aug-16 62-75 fath R 54.63 47.90 52.10 11.3 5/4/2/3/3 -/-/-/- 
DCING16_029 Aug-16 62-75 fath R 53.53 43.29 48.21 6.2 5/4/2/3/3 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING16_030 Aug-16 79-83 fath R 61.51 53.33 59.95 11.7 5/4/2/3/3 -/-/-/- 
DCING16_031 Aug-16 46-59 fath L 36.22 30.76 33.55 3.2 2/4/1/2/3 -/-/-/- 
DCING16_032 Aug-16 46-59 fath R 50.10 42.29 46.65 6.4 5/4/2/3/3 -/-/-/- 
DCING16_033 Aug-16 46-59 fath R 54.47 43.26 49.42 8.5 5/4/1/3/3 -/-/-/- 
DCING16_034 Aug-16 46-59 fath R 60.90 51.37 57.60 12.7 5/4/2/3/3 -/-/-/- 
DCING16_035 Aug-16 46-59 fath L 74.81 64.19 71.58 21.8 5/4/1/3/3 -/-/-/- 
DCING16_036 Aug-16 46-59 fath L 69.94 63.51 71.56 27.6 5/4/2/3/3 -/-/-/- 
DCING16_037 Aug-16 46-59 fath L 20.58 18.07 19.14 0.5 1/3/2/1/2 -/-/-/- 
DCING14_001 Aug-14 6m Art 85.61 67.47 75.30 45.3 Y/Y/-/- 
DCING14_002 Aug-14 6m -/-/-/- 
DCING14_300 Feb-14 6m Art 81.89 65.91 72.47 33.3 2/1/1/1/1 -/-/-/- 
DCING14_301 Feb-14 6m L 90.50 70.75 78.44 49.1 5/3/2/3/2 -/-/-/- 
DCING14_302 Feb-14 6m L 79.13 64.53 69.92 38.9 3/3/2/3/1 -/-/-/- 
DCING14_303 Feb-14 6m R 90.12 75.36 86.78 52.8 4/3/4/3/2 -/-/-/- 
DCING14_304 Feb-14 6m R na 57.79 64.81 18.9 2/3/4/1/1 -/-/-/- 
DCING14_305 Feb-14 6m R 87.70 73.65 81.97 na 4/4/3/3/2 -/-/-/- 
DCING14_306 Feb-14 6m R 93.23 76.53 85.40 na 5/4/3/3/1 -/-/-/- 
DCING14_307 Feb-14 6m R 76.70 61.43 67.70 37.5 3/3/3/1/1 -/-/-/- 
DCING14_308 Feb-14 6m R 76.65 64.70 72.84 29.1 4/4/2/3/3 -/-/-/- 
DCING14_309 Feb-14 6m L na na na na 1/4/4/1/3 -/-/-/- 
DCING14_310 Feb-14 6m R na na na na -/-/-/- 
DCING14_311 Feb-14 6m L 91.72 75.97 82.68 64.8 4/3/1/2/1 Y/A/-/- 
DCING14_312 Feb-14 6m L 88.95 77.02 86.09 86.3 4/3/1/1/1 -/-/-/- 
DCING14_313 Feb-14 6m L 81.71 64.18 75.31 48.2 3/3/1/1/2 -/-/-/- 
DCING14_314 Feb-14 6m L 86.64 72.50 83.16 56.6 3/3/2/2/1 -/-/-/- 
DCING14_315 Feb-14 6m R 91.04 75.78 83.38 62.1 5/3/2/4/2 -/-/-/- 
DCING14_316 Feb-14 6m R 85.07 73.93 79.19 61.4 4/2/2/1/2 -/-/-/- 
DCING14_317 Feb-14 6m R 75.24 63.59 69.69 41.0 4/3/2/1/1 -/-/-/- 
DCING14_318 Feb-14 6m R 79.10 68.31 73.47 49.7 3/3/2/1/1 -/-/-/- 
DCING14_319 Feb-14 6m R 83.09 68.69 75.42 39.7 5/3/2/2/3 -/-/-/- 
DCING14_320 Feb-14 6m R 94.03 75.23 81.72 70.8 4/3/1/2/1 -/-/-/- 
DCING14_321 Feb-14 6m R 86.57 71.74 80.62 71.4 3/4/2/2/1 -/-/-/- 
DCING14_322 Feb-14 6m L 93.14 79.31 86.20 87.9 5/3/2/2/3 -/-/-/- 
DCING14_323 Feb-14 6m L 82.70 64.94 73.78 47.0 4/3/1/3/2 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
Height 
(mm) 
Max height 
(mm) 
Single valve  
mass (g) Condition B/P/M/D 
DCING14_324 Feb-14 6m L 93.47 77.24 87.76 54.2 3/2/1/1/2 -/-/-/- 
DCING14_325 Feb-14 6m L 88.43 68.66 78.56 62.5 4/4/2/2/2 -/-/-/- 
DCING14_326 Feb-14 6m L 86.00 72.40 80.52 57.8 4/4/1/2/1 -/-/-/- 
DCING14_327 Feb-14 6m L 85.63 74.19 82.87 51.0 3/4/2/2/1 -/-/-/- 
DCING14_328 Feb-14 6m L 84.96 73.53 79.51 60.8 4/4/1/2/2 -/-/-/- 
DCING14_329 Feb-14 6m L 88.74 76.84 83.31 67.2 5/4/2/2/3 -/-/-/- 
DCING14_330 Feb-14 6m L 72.37 58.44 63.00 31.9 4/4/2/3/2 -/-/-/- 
DCING14_331 Feb-14 6m L 76.78 60.92 67.19 52.8 3/4/1/2/1 -/-/-/- 
DCING14_332 Feb-14 6m R 83.38 68.84 76.17 56.9 5/4/2/3/2 -/-/-/- 
DCING14_333 Feb-14 6m L 68.73 52.45 60.33 34.4 5/4/1/3/3 -/-/-/- 
DCING14_334 Feb-14 6m L 85.88 68.64 77.76 42.2 4/3/2/2/ -/-/-/- 
DCING14_335 Feb-14 6m L 98.68 76.44 87.88 72.6 5/4/1/3/3 -/-/-/- 
DCING14_336 Feb-14 6m L 79.82 69.27 76.20 54.6 5/3/3/2/3 -/-/-/- 
DCING14_337 Feb-14 6m L 86.48 72.24 83.49 58.6 3/4/2/2/2 -/-/-/- 
DCING14_338 Feb-14 6m L 80.60 70.75 78.51 55.4 3/3/1/1/2 -/-/-/- 
DCING14_339 Feb-14 6m L 103.00 80.11 91.94 70.4 5/5/3/3/3 -/-/-/- 
DCING14_340 Feb-14 6m L 78.95 61.05 68.46 46.0 3/4/3/2/2 -/-/-/- 
DCING14_341 Feb-14 6m R 98.28 81.37 92.24 75.8 5/4/2/3/2 -/-/-/- 
DCING14_342 Feb-14 6m R 84.05 69.44 76.68 45.8 3/4/3/4/4 -/-/-/- 
DCING14_343 Feb-14 6m R 86.70 62.95 77.35 45.5 3/4/4/5/5 -/-/-/- 
DCING14_344 Feb-14 6m R 82.13 67.37 73.22 46.9 4/4/3/3/3 -/-/-/- 
DCING14_345 Feb-14 6m R 88.34 74.55 80.96 79.8 3/3/3/2/1 -/-/-/- 
DCING14_346 Feb-14 6m R 81.06 69.73 76.45 50.3 3/4/2/3/2 -/-/-/- 
DCING14_347 Feb-14 6m R 80.31 60.17 69.64 35.0 3/4/3/2/2 -/-/-/- 
DCING14_348 Feb-14 6m R 78.28 68.93 74.16 51.1 4/5/3/2/2 -/-/-/- 
DCING14_349 Feb-14 6m R 107.26 88.42 100.40 87.8 5/5/2/1/1 Y/-/-/- 
DCING14_350 Feb-14 6m L 78.75 65.38 71.68 37.3 2/4/5/3/3 -/-/-/- 
DCING14_351 Feb-14 6m L 81.22 65.23 75.52 40.3 3/3/3/1/1 -/-/-/- 
DCING14_352 Feb-14 6m R 72.18 57.80 64.66 21.2 1/4/2/1/1 -/-/-/- 
DCING14_353 Feb-14 6m L 76.71 60.25 67.88 33.8 3/4/3/2/2 -/-/-/- 
DCING14_354 Feb-14 6m R 75.02 68.34 70.21 35.1 3/3/4/3/3 -/-/-/- 
DCING14_355 Feb-14 6m L 75.18 63.76 71.52 32.9 3/2/3/3/2 -/-/-/- 
DCING14_356 Feb-14 6m L 81.39 74.68 80.73 46.1 4/4/5/2/2 -/-/-/- 
DCING14_357 Feb-14 6m L 97.94 77.63 88.47 65.2 5/5/2/3/3 -/-/-/- 
DCING14_358 Feb-14 6m R 84.21 67.17 74.13 38.1 4/4/2/2/2 -/-/-/- 
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Shell ID Date Water Depth Valve Length (mm) 
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Single valve  
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DCING14_359 Feb-14 6m R 74.90 61.99 68.92 37.8 2/4/3/1/1 -/-/-/- 
DCING14_360 Feb-14 6m L 74.74 64.71 68.97 30.3 4/5/3/1/1 -/-/-/- 
DCING14_361 Feb-14 6m R 86.03 70.36 79.24 51.0 4/4/2/1/1 -/-/-/- 
DCING14_362 Feb-14 6m Art 72.25 60.16 66.57 19.8 1/3/3/1/1 -/-/-/- 
DCING14_363 Feb-14 6m Art 69.76 58.59 63.92 17.0 1/3/2/3/2 -/-/-/- 
DCING14_364 Feb-14 6m L 87.48 71.34 79.64 65.4 1/4/3/3/3 -/-/-/- 
DCING14_365 Feb-14 6m L 85.42 72.85 79.53 49.0 3/3/3/1/1 -/-/-/- 
DCING14_366 Feb-14 6m L 78.72 65.27 74.53 45.2 4/4/3/2/2 -/-/-/- 
DCING14_367 Feb-14 6m L 82.66 67.73 76.92 43.8 3/3/3/1/1 -/-/-/- 
DCING14_368 Feb-14 6m L 87.98 70.63 76.46 57.0 4/4/3/1/1 -/-/-/- 
DCING14_369 Feb-14 6m L 88.84 69.85 79.20 50.7 3/3/2/2/2 -/-/-/- 
DCING14_370 Feb-14 6m R 85.78 72.48 79.59 42.6 3/3/3/2/2 -/-/-/- 
DCING14_371 Feb-14 6m R 77.95 67.06 74.45 52.9 2/4/3/2/2 -/-/-/- 
DCING14_372 Feb-14 6m R 82.88 68.50 76.69 49.4 2/4/2/2/1 -/-/-/- 
DCING14_373 Feb-14 6m R 81.35 71.43 77.41 49.1 3/4/2/3/3 -/-/-/- 
DCING14_374 Feb-14 6m R 82.40 66.53 73.25 53.7 4/5/3/2/2 -/-/-/- 
DCING14_375 Feb-14 6m Art 78.85 62.91 68.94 28.0 2/4/2/1/1 -/-/-/- 
DCING14_377 Feb-14 6m L 93.38 75.17 82.13 42.5 5/4/4/3/3 -/-/-/- 
DCING14_378 Feb-14 6m L 85.74 74.51 80.32 65.5 3/4/3/3/3 -/-/-/- 
DCING14_379 Feb-14 6m L 93.87 81.59 89.48 57.3 5/5/3/3/3 -/-/-/- 
DCING14_380 Feb-14 6m L 86.62 66.35 74.20 40.3 4/4/3/3/3 -/-/-/- 
DCING14_381 Feb-14 6m L 79.63 67.49 72.44 41.4 4/4/2/1/1 -/-/-/- 
DCING14_382 Feb-14 6m L 84.03 69.93 76.90 64.2 4/4/2/4/4 -/-/-/- 
DCING14_383 Feb-14 6m L 98.35 85.11 92.33 72.3 5/5/5/2/1 -/-/-/- 
DCING14_384 Feb-14 6m L 90.67 71.58 83.16 40.9 4/5/3/3/3 -/-/-/- 
DCING14_385 Feb-14 6m L 81.26 61.27 70.47 36.5 4/4/3/3/3 -/-/-/- 
DCING14_386 Feb-14 6m L 71.24 61.31 67.11 24.8 4/4/2/1/1 -/-/-/- 
DCING14_387 Feb-14 6m L 88.68 73.44 81.84 47.3 3/5/3/2/2 -/-/-/- 
DCING14_388 Feb-14 6m L 92.31 73.16 81.76 58.0 5/4/2/1/1 -/-/-/- 
DCING14_349 Feb-14 6m R 107.26 88.42 100.40 87.8 5/5/2/1/1 -/-/-/- 
DCING14_390 Feb-14 6m R 78.85 62.76 69.63 48.6 4/4/3/2/2 -/-/-/- 
DCING14_391 Feb-14 6m R 90.62 70.05 83.21 57.4 3/3/3/2/2 -/-/-/- 
DCING14_392 Feb-14 6m R 87.10 71.49 79.42 51.6 5/5/3/2/2 -/-/-/- 
DCING14_393 Feb-14 6m R 95.15 76.18 87.29 53.0 5/5/5/1/1 -/-/-/- 
DCING14_394 Feb-14 6m R 78.04 67.53 74.96 40.6 4/3/3/1/1 -/-/-/- 
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DCING14_395 Feb-14 6m R 87.71 72.93 82.82 55.5 3/3/3/2/2 -/-/-/- 
DCING14_396 Feb-14 6m L 101.51 82.81 90.05 61.7 5/5/2/2/2 -/-/-/- 
DCING14_397 Feb-14 6m R 92.59 72.03 82.11 73.5 5/4/2/4/3 -/-/-/- 
DCING14_398 Feb-14 6m R 80.60 64.68 71.82 45.2 4/5/2/2/2 -/-/-/- 
DCING14_399 Feb-14 6m R 99.85 79.85 88.10 49.4 5/4/2/1/1 -/-/-/- 
DCING14_400 Feb-14 6m R 97.98 79.43 86.03 61.3 5/5/3/2/2 -/-/-/- 
DCING14_401 Feb-14 6m R 70.58 60.15 64.59 30.5 4/5/2/1/1 -/-/-/- 
DCING14_402 Feb-14 6m R 95.07 75.85 83.40 52.0 4/4/3/1/1 Y/A/-/- 
DCING14_403 Feb-14 6m L 95.05 73.98 84.21 62.4 3/3/2/1/1 -/-/-/- 
DCING14_404 Feb-14 6m R 94.33 77.79 86.26 52.0 4/5/4/1/1 -/-/-/- 
DCING14_405 Feb-14 6m R 74.65 62.87 68.69 47.8 3/5/3/1/1 -/-/-/- 
DCING14_406 Feb-14 6m R 81.62 71.01 78.07 36.6 2/2/3/1/1 -/-/-/- 
DCING14_407 Feb-14 6m R 95.99 81.14 91.81 81.5 4/4/3/1/1 -/-/-/- 
DCING14_408 Feb-14 6m R 84.81 73.22 81.04 75.2 3/3/3/3/3 Y/-/-/- 
DCING14_409 Feb-14 6m R 93.78 78.36 79.79 57.9 3/5/3/1/1 -/-/-/- 
DCING14_410 Feb-14 6m R 84.19 70.85 79.50 55.5 2/4/2/1/1 -/-/-/- 
DCING14_411 Feb-14 6m R 85.63 70.54 80.28 53.8 3/5/2/1/1 -/-/-/- 
DCING14_412 Feb-14 6m L 83.03 75.99 79.13 73.4 3/5/5/1/1 -/-/-/- 
DCING14_413 Feb-14 6m R 107.26 88.42 100.40 87.8 5/5/2/1/1 Y/-/-/- 
DCING14_414 Feb-14 6m L 96.49 84.73 92.20 74.7 4/5/3/2/2 -/-/-/- 
DCING14_415 Feb-14 6m L 79.38 64.92 73.24 43.5 3/4/2/1/1 -/-/-/- 
DCING14_416 Feb-14 6m L 89.49 73.75 80.77 66.6 4/4/3/2/3 -/-/-/- 
DCING14_417 Feb-14 6m L 84.28 67.17 75.16 57.9 4/5/3/2/2 -/-/-/- 
DCING14_418 Feb-14 6m L 83.99 72.41 81.30 69.0 3/4/3/1/1 -/-/-/- 
DCING14_419 Feb-14 6m L 80.10 63.95 71.60 34.2 2/3/2/1/1 -/-/-/- 
DCING14_420 Feb-14 6m L 89.44 75.68 84.15 84.2 4/4/3/2/2 -/-/-/- 
DCING14_421 Feb-14 6m L 84.00 68.74 75.76 54.9 3/4/3/1/1 -/-/-/- 
DCING14_422 Feb-14 6m L 71.07 60.16 67.95 44.1 2/4/3/1/1 -/-/-/- 
DCING14_423 Feb-14 6m L 83.53 74.99 76.13 64.3 3/3/3/1/1 -/-/-/- 
DCING14_424 Feb-14 6m Art 76.64 61.85 70.64 27.0 1/3/2/2/2 -/-/-/- 
DCING15_200 Jun-15 6m L 90.25 75.69 83.53 63.7 5/4/1/1/3 -/-/-/- 
DCING15_201 Jun-15 6m R 88.97 72.14 80.48 44.5 4/2/2/1/2 -/-/-/- 
DCING15_202 Jun-15 6m L 90.04 71.99 82.93 56.9 4/3/1/1/1 -/-/-/- 
DCING15_203 Jun-15 6m L 79.05 60.48 68.70 33.4 3/4/1/1/2 -/-/-/- 
DCING15_204 Jun-15 6m L 83.82 63.99 75.39 56.6 3/3/1/1/1 -/-/-/- 
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DCING15_205 Jun-15 6m L 74.92 58.93 73.53 60.6 3/4/1/1/2 Y/A/-/- 
DCING15_206 Jun-15 6m R 78.39 56.43 68.20 43.2 4/1/1/1/1 -/-/-/- 
DCING15_207 Jun-15 6m R 79.24 63.27 72.01 39.0 2/3/2/1/1 -/-/-/- 
DCING15_208 Jun-15 6m R 97.43 81.10 88.87 76.6 4/2/1/1/1 -/-/-/- 
DCING15_209 Jun-15 6m R 108.02 89.76 99.57 98.4 5/3/1/1/3 -/-/-/- 
DCING15_210 Jun-15 6m Art 81.46 63.86 75.00 54.8 4/2/1/1/2 -/-/-/- 
DCING15_211 Jun-15 6m Art 74.07 60.81 67.19 23.0 4/2/2/1/2 -/-/-/- 
DCING15_212 Jun-15 6m -/-/-/- 
DCING16_050 Aug-16 6m R 93.02 74.19 82.03 63.0 4/3/1/3/2 Y/-/-/- 
DCING16_051 Aug-16 6m R 70.42 57.00 62.73 27.2 5/4/2/3/3 -/-/-/- 
DCING16_052 Aug-16 6m R 87.80 71.64 81.09 53.6 2/4/1/3/1 -/-/-/- 
DCING16_053 Aug-16 6m R 83.96 71.23 79.05 60.4 5/4/2/2/3 -/-/-/- 
DCING16_054 Aug-16 6m R 85.97 70.67 76.83 50.2 3/3/1/3/2 -/-/-/- 
DCING16_055 Aug-16 6m R 80.73 67.54 74.49 46.8 4/4/2/2/3 -/-/-/- 
DCING16_056 Aug-16 6m R 66.55 57.71 62.68 24.7 3/4/2/2/2 -/-/-/- 
DCING16_057 Aug-16 6m R 74.32 59.49 65.46 24.5 5/4/2/3/3 -/-/-/- 
DCING16_058 Aug-16 6m L 92.29 74.04 83.38 45.8 3/3/2/3/2 -/-/-/- 
DCING16_059 Aug-16 6m R 96.32 78.52 86.31 79.9 2/4/1/2/2 Y/-/-/- 
DCING16_060 Aug-16 6m R 83.27 69.88 74.45 40.6 4/4/2/3/2 -/-/-/- 
DCING16_061 Aug-16 6m L 88.80 69.12 77.59 53.9 5/4/2/3/3 -/-/-/- 
DCING16_062 Aug-16 6m R 87.06 78.42 80.18 61.0 4/3/3/3/1 -/-/-/- 
DCING16_063 Aug-16 6m L 88.03 72.62 80.05 60.6 5/4/1/3/2 -/-/-/- 
DCING16_064 Aug-16 6m R 74.67 61.45 68.96 26.2 5/4/2/2/3 -/-/-/- 
DCING16_065 Aug-16 6m L 87.18 73.22 78.76 48.0 2/2/1/3/2 -/-/-/- 
DCING16_066 Aug-16 6m L 75.55 61.85 67.75 39.1 4/4/2/2/3 -/-/-/- 
DCING16_067 Aug-16 6m L 79.16 63.55 70.78 36.4 3/4/1/2/2 -/-/-/- 
DCING16_068 Aug-16 6m L 82.14 70.16 79.68 46.0 3/3/4/2/1 -/-/-/- 
DCING16_069 Aug-16 6m Art 92.91 78.58 90.72 73.2 2/2/1/1/1 Y/A/-/- 
DCING_M_001 Sep-14 20m Art 80.83 69.17 77.81 53.8 4/1/2/1/3 -/-/-/- 
DCING_M_002 Sep-14 20m Art 92.71 72.82 79.50 66.0 2/1/1/1/3 Y/-/-/- 
DCING_M_003 Sep-14 20m Art 72.18 60.82 65.18 20.0 1/2/1/1/1 -/-/-/- 
DCING_M_004 Sep-14 20m L 88.64 73.75 82.64 67.8 3/4/1/2/2 Y/AB/-/- 
DCING_M_005 Sep-14 20m R 87.75 73.31 85.60 70.8 5/4/2/2/3 -/-/-/- 
DCING_M_006 Sep-14 20m L 91.66 68.19 80.51 58.0 2/4/1/2/1 -/-/-/- 
DCING_M_007 Sep-14 20m R 86.42 75.95 82.75 58.8 4/4/1/1/3 -/-/-/- 
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DCING_M_008 Sep-14 20m L 84.56 70.61 77.25 62.6 3/3/1/1/2 -/-/-/- 
DCING_M_009 Sep-14 20m L 89.23 74.93 81.05 56.3 4/4/1/1/3 -/-/-/- 
DCING_M_010 Sep-14 20m L 85.67 70.57 80.26 64.6 5/4/2/1/3 -/-/-/- 
DCING_M_011 Sep-14 20m R 84.00 66.12 79.11 67.4 4/1/1/1/2 -/-/-/- 
DCING_M_012 Sep-14 20m L 91.43 72.17 82.01 47.9 4/4/2/1/3 -/-/-/- 
DCING_M_013 Sep-14 20m R 97.32 72.63 88.67 66.6 4/1/2/1/3 -/-/-/- 
DCING_M_014 Sep-14 20m R 99.71 78.90 93.06 96.3 4/4/1/1/2 Y/AB/-/- 
DCING_M_015 Sep-14 20m L 78.03 64.29 73.49 45.9 5/4/1/1/3 -/-/-/- 
DCING_M_016 Sep-14 20m L 90.90 71.84 83.78 67.8 3/3/1/1/1 -/-/-/- 
DCING_M_017 Sep-14 20m L 85.69 75.39 81.35 67.5 4/4/1/1/3 -/-/-/- 
DCING_M_018 Aug-16 Art 74.07 62.84 70.20 27.3 1/2/2/2/2 -/-/-/- 
DCING_M_019 Aug-16 L 87.14 74.76 81.48 55.7 5/4/2/4/3 -/-/-/- 
DCING_M_020 Aug-16 R 84.59 72.16 86.15 64.0 5/4/4/3/3 -/-/-/- 
DCING_M_021 Aug-16 L 71.18 55.10 61.28 18.9 4/4/2/3/3 -/-/-/- 
DCING_M_022 Aug-16 R 74.94 59.87 67.41 20.2 2/4/2/2/2 -/-/-/- 
DCING_M_023 Aug-16 R 77.94 64.32 70.61 27.4 2/3/2/2/2 -/-/-/- 
DCING_M_024 Aug-16 R 88.81 70.18 81.49 68.9 3/4/2/3/2 -/-/-/- 
 
